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EXECUTIVE SUMMARY

A conceptual level development of the use of composting
technology for the treatment of explosives-contaminated lagoon
sediments has been conducted. Such sediments exist at a variety
of Army Ammunition Plants (AAPs) and Army Depots (ADs) as a
result of past industrial activities associated with the
production of munitions. Previous investigations of the
technical aspects of explosives composting, including recent
USATHAMA field demonstrations, have indicated that composting
can result in significant reductions in explosives contaminant
levels in these lagoon sediments.

In this project conceptual level facility design,
construction, and operating requirements for the potential
implementation of composting as a remedial technology have been
developed. These analyses reflect the current level of
knowledge with respect to both the technical and regulatory
aspects of the process. The potential economics of such systems
has been evaluated. In addition the economic sensitivity of the
process to various design and operating variables has been
considered.

At the present state of development, the aerated static
pile method of composting is considered to be the most viable
approach to explosives composting with a possibility for
achieving the necessary level of performance and process
control at an acceptable cost. Other composting processes such
as mechanical or in-vessel composting have not, as yet, been
tested for composting of such wastes. Demonstration of their
potential advantages over the aerated static pile system (most
notably the potential for better process control through
continuous mixing) would be necessary for their ultimate
selection over the aerated static pile.

Based upon the present definition of process operating
parameters as evaluated in USATHAMA field demonstrations,
direct implementation of composting would likely prove
expensive. However, further evaluation of several process
design and operating parameters may result in significant
economic improvements. In particular, additional investigations
into the compost mixture soil ratio, amendment costs, process
kinetics, and performance criteria (as determined in part by
regulatory requirements) are warranted. With favorable findings
from such investigations, composting may prove to be an
economically viable alternative technology.
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1. INTRODUCTION

1.1 Problem statement. The contamination of soils and
sediments at Army Ammunition Plants (AAPs) and Army Depots (ADs)
has occurred in areas where explosives and propellants were
produced and handled. A major source of explosives-contaminated
soils is from lagoons and sedimentation basins used to settle
out the explosives from washout operations at the AAPs. These
practices resulted in contamination of sediments with various
explosives, including 2,4,6-trinitrotoluene (TNT), hexahydro-
1,3,5-trinitro-l,3,5-triazine (RDX), and octahydro-l,3,5,7-tetra-
nitro-l,3,5,7-tetrazocine (I!MX), and N-methyl-N-2,4,6-tetranitro-
aniline (tetryl).

Soils and sediments contaminated with explosives may require
treatment to prevent possible contaminant migration. Several
treatment technologies have been investigated by USATHAMA for
possible application during remediation of soils and sediments
contaminated with explosives.

One such potential treatment technology for explosives and
propellant-contaminated material is composting. There are
several potential advantages associated with composting, which
may encourage its development as a remedial technology. It
generally requires a relatively low level of manpower and energy
for operation and therefore may prove an economical alternative
to other destructive treatment technologies. Furthermore,
emissions from the process are relatively minimal (so long a,
odors and leachate are controlled) and the product (finished
compost) is aesthetically acceptable.

The primary use for this technology has been the disposal of
municipal solid wastes and wastewater treatment plant sludges.
However, more recent interest has developed on its potential use
for treatment of industrial wastes.

Composting of explosives-contaminated soils has been investi-
gated by USATHAMA, with promising initial results. Several of
these previous composting studies were performed on a bench
scale. Critical parameters affecting microbial activity can vary
significantly, depending upon the scale of the compost system.
Consequently, WESTON initiated a field demonstration study with
TNT, HMX, RDX, and tetryl contaminated soil. The primary objec-
tives of the field demonstration were to address the final fate
of the parent explosives and decbmposition products (such as
diaminonitrotoluenes and amino dinitrotoluenes) and to evaluate
the influence of temperature upon composting effectiveness. This
study demonstrated that the bioconversion of explosives under
composting conditions was technically possible at the field
scale level [1].

1-1
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The intent of the present task was to evaluate poss:ible
system configurations for full scale implementation of
explosives-composting as a remedial technology.

1.2 Obiectives of stufdy. The objective of this project was
to develop, at the conceptual level, a system or approach for
composting of explosives-contaminated soils at Army faciliiies.
The information resulting from this effort would then be ised
both in planning full scale implementation and in evaluatinu the
need for additional process development and optimization.

To accomplish the desired results, several tasks were
required:

"* A review of recent literature of potential application
to composting operations for industrial wastes.

"* Consideration of potential regulatory requirement. for
explosives composting operations.

" Development of conceptual level facility descriptions,
including process flow and materials balances, co cep-
tual facility layouts, and operating requirements.

" Development of general construction requirements and
major equipment lists.

" Conceptual level economic analysis, including capital
costs estimates, and operating an(' maintenance (O&M)
cost estimates.

" Sensitivity evaluation to determine dominant economic
factors and identify areas in which further develo:ment
or refinement is warranted.

1.3 Analytical approach. In order to develop a generalized
conceptual composting system for comparative or analytical pur-
poses, a definition of certain design requirements and objectives
is necessary. Primary among these requirements is the matedials
throughput (or processing rate) of the system, as deterrainei by,
in part, the amount of contaminated soils requiring treatment.
The required process throughput will also be largely determined
by the timeframe within wnich the cleanup operation must be
completed. This aspect will in turn be largely determined by
regulatory requirements.

At the present state of development, a compost system may
have application on a range of different scales, corresponding
to a range of soil quantities and cleanup schedules. For
purposes of this conceptual technology development, USATHAMA has

1-2
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defined a range of potenti::l cleanup project sizes. This range
has been established as 20,000 to 200,C00 tons of contaminated
soils to be treated within a 5-year remedial operating period.

Imolementation of composting at any particular Army facility
would require identification of the total quantity of sediments
at that facility.

In order to allow for a wide range of potential system
sizes, a "modular" approach was used in this analysis. This
approach depended upon a standardized compost pad size and
configuration with the option of using varying numbers of pads
(with appropriately scaled site facilities) to achieve varying
processing rates. While altering the scale of the constructed
facility in this fashion would be the one way of tailoring
capacity to site specific requirements, adcditional flexibility
may be obtainable by other relatively minor reconfigurations of
the pads and/or facility. Likewise, the modular approach
facilitates economic and sensitivity analysis of the process.
However, optimization of the design in response to a particular,
site-specific cleanup scenario will likely result in greater
economy.

This conceptual evaluation is based largely upon process
performance and kinetics as determined in the LX-% field demon-
stration [1] in which the concurrent removal of a particular
mixture of contaminants was evaluated. Previous literature on
the composting of explosives, as well as municipal and
industrial composting literature, has also been considered. The
actual operating characteristics of the system ma" depend in
part upon the specific contaminant profile (with respect to
relative concentrations of all target constituents) at a given
site. The possible effects of changes in the contaminant mixture
cannot be addressed in a generalized approach. However, the
general sensitivity of process economics to variation in the
required compost mixture (as might result froan specific
contaminant reduction requirements) has been recognized and is
addressed in Section 4.

The conceptual facility descriptions developed in this study
are also based upon, in part, recent literature and visits to
recently developed municipal sludge ccmposting facilities. Site
visits were made to the Sussex County (NJ) Municipal Utilities
Authorities enclosed sludge composting facility and to the
Philadelphia (PA) Sludge Processing and Distribution Center.
The cooperation of personnel at these facilities is appreciated.

1-3
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2. BACKGROUND INVESTIGATION

2.1 General background on compostinq technolpgies. This
section provides a discussion of composting as presently used
for nonhazardous wastes and is based in large part upon EPA
guidance on composting, as presented in Reference 2. Composting
is a process by which organic materials are biodegraded by
microorganisms under controlled conditions. Microbial activity
results in the production of organic and/or inorganic bypro-
ducts and energy in the form of heat, which can generate and
maintain thermophilic conditions in the compost mixture. Dis-
posal of organic wastes under conditions now called composting
has been practiced for many years. The advent of composting as
an engineered (controlled) process is more recent, with most
interest in the composting of municipal and industrial sludges
in the U.S. dating to the early '70s [2].

Composting can be initiated by mixing biodegradable organic
matter with bulking agents and, possibly, other amendments
(11. In conventional composting systems, the bulking agents are
added primarily to enhance the porosity of the mixture to be
composted, but may provide additional carbon for the microorgan-
isms. Materials of relatively low total organic content may be
composted through the addition of other high organic carbon
sources. In such cases the added organic carbon fraction, in
addition to being degraded or stabilized itself, serves to main-
tain the necessary microbial population in the compo3t mixture,
and to provide for the generation of thermophilic conditions.

Several parameters have been shown to affect the efficiency
of the composting process:

* Compost pile temperature.

* Compost pile moisture content.

* Type and concentration of organic constituents.

* Inorganic nutrients.

- Nitrogen.
- Phosphorous.

* Compost pile oxygen content.

These parameters can be at least partially controlled or
manipulated with the compost system design or operating scheme.

2-1
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There are several general categories of composting tech-
nologies currently used for composting of solid wastes:

"* Windrow.
"* Aerated static pile.
"* Mechanical (in vessel).

The windrow and aerated static pile processes have been used
most frequently for municipal sludge composting. The basic steps
to be followed in these two processes are similar (2]. In the
windrow method, oxygen is drawn into the pile by natural convec-
tion and mechanical turning of the compost. In the static pile
method, aeration is induced by forced air circulation (2].

In the windrow composting process, the compost mixture is
placed in long parallel rows called windrows. The windrow is
mechanically turned, using specially designed equipment, to
reintroduce air to the compost mixture. Typical pile dimensions
may be 15 feet wide at the base, with a triangular cross
section 3 to 7 feet high [2). As with other composting systems,
heat is provided by aerobic microbial metabolism. Since
temperature control is effected primarily by mechanical turning
of the compost, clcsely regulated temperature regimes in such a
system may be difficult to achieve.

In aerated static pile composting, the material to be
composted is mixed with a bulking agent (commonly woodchips)
and formed into a pile. The pile is placed over an aeration
system comprised of blowers and piping, and air is forced or
drawn through the pile to provide oxygen and to regulate
temperature. Depending upon the design and operating parameters
of the aeration system, more precise temperature control ..iay be
possible with this approach, as compared to windrow composting.

One common configuration for aerated static pile sludge com-
posting is known as the Beltsville method (2). In this approach,
a section of perforated, flexible plastic tubing is set within a
layer of bulking agent (typically woodchips) on the compost pad.
The perforated tubing 'is connected to the blower (or blower
manifold) by a section of nonperforated pipe. The compost mix-
ture is placed upon the prepared base, forming a pile of roughly
-riangular cross section (dimensions approximately 15 feet wide
at the base and 7.5 feet high). The pile may then be covered by
a layer of finished compost. The blower can then be used to
control pile temperature by varying the rate (or frequency) of
heat removal by ventilation.

Mechanical composting is accomplished inside an enclosed
vessel. This system is intended to provide a higher degree of
process control, and better odor control, as compared to open
windrow or aerated static pile systems.

2-2
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The primary differences among various mechanical composting
systems are in the methods of process control. Some provide
aeration by tumbling or dropping the material from one level to
another. Others use devices such as augers to stir the compost-
ing mass, or rotating drums which enhance mixing and aeration.

Mechanical composting systems typically have shorter
retention times in the reactor vessel which allow them greater
materials throughput. However, this increased materials
throughput does not necessarily improve the overall process
throughput or economics. All present mechanical composting
systems rely to some extent upon a second, "curing" step
following treatment in the reactor. Therefore, the amount of
operating time required can approach that of windrows or static
piles. Several mechanical composting systems currently in use
are described in Section 4.

As implied in the above description, a major factor in the
operation of a compost system is the method of aerating the
compost mixture. Controlling aeration is important both from
the standpoint of providing oxygen to the microbial community
and for controlling the removal of metabolically generated heat
and therefore controlling the temperature of the process. Some
research suggests that the latter factor may be the controlling
parameter in operating the aeration system. It might be noted
that the use of alternate oxygen sources (such as hydrogen
peroxide) has been employed in other bioremediation processes,
particularly when conducted in situ. The applicability of such
concepts to composting has apparently not been determined.

2.2 Explosives/industrial waste composting. Composting has
been suggested as a candidate process for biological treatment
of a variety of organic and organics-contaminated industrial
solid wastes, including sludges, soils, and sediments. At least
part of the impetus for such suggestions derives from the
extensive historical experience with composting of domestic and
municipal wastes and from recognition, based upon past experi-
ence, of its potential advantages. These advantages include its
low energy intensity; relatively low capital and operating
costs; and the production of a biologically stable, humus-like,
nonobjectionable product.

Most existing experience, however, derives from composting
of conventional (generally municipal, and almost exclusively
nonhazardous) wastes. Certain basic differences between such
materials and industrial or hazardous wastes should be
recognized in the evaluation and development of this technology
for treatment of the latter categories.

2.2.1 Approaches to composting of industrial wastes. Suler
has discussed the general differences inherent in composting of
industrial materials (3]. He defines two arbitrary categories
of industrial wastes. The first category (Type 1) includes

2-3
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nontoxic, readily degradable industrial residues, such as food
processing wastes. The goals of composting such materials
include general destruction of existing organic material; pos-
sibly pathogen destruction; production of a stable, readily
disposable product; and reduction in waste volume. Therefore,
this process is generally similar to the composting of municipal
treatment plant sludges. Composting -of food processing wastes
has been considered for such materials as seafood wastes [41
and cannery wastes [5].

The second type of waste (Type 2) defined by Suler includes
wastes that contain "toxic, hazardous, and generally recalci-
trant compounds," which restrict other use or disposal of the
waste [3]. The general objective of composting such wastes is
the destruction of the toxic contaminants of concern so that
*the waste can be disposed as a nonhazardous material. Thus, the
requisite conditions, possible kinetics, and resulting products
of microbial transformation of the hazardous constituents
become primary issues in evaluating composting technology for
these types of wastes.

This difference is also manifested in terms of basic mass
balance and materials handling considerations. In the case of
municipal wastes and many Type 1 industrial wastes, the organic
fraction is relatively high. In fact, the process is largely
defined in terms of reduction of the organic material. Although
in certain cases the addition of amendments (such as nutrients)
may be needed, sufficient organic carbon generally exists to
support the biological process (both in terms of the thermo-
philic environment and the size of the microbial population).
Depending upon the efficiency with which any required bulking
agent can be recovered, some net reduction in waste volume can
be derived as a benefit.

In the case of Type 2 wastes, the target organics may often
be present in relatively low concentrations in a largely inor-
ganic or nondegradable matrix, such that the organic fraction
is too low to support and propagate the biological process.
Consequently, the addition of significant quantities of supple-
mental organic material (such as plant material) as well as
nutrient supplementation may be required. This fact implies
that the biological destruction of the target compounds may be
basically different mechanistically than their use as a source
of carbon and energy. From the standpoint of materials handling,
the requirement for an external carbonaceous substrate means
that sources and supply adequacy (and cost) of supplemental
organic materials, as well as their storage, handling, and
mixing in the compost facility, become significant factors.
Furthermore, the addition of significant quantities of such
supplemental organic materials means that the net volume of

2-4
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waste after composting, although nonhazardous, may be signifi-
cantly increased. Therefore, the importance of establishing
adequate redisposal arrangements should also be considered.

Based upon the above distinctions, explosives-contaminated
soils and sediments would be classified as Type 2 wastes. They
contain toxic and/or possibly- recalcitrant organics, generally
at sufficiently low concentrations that supplemental carbon
sources would likely be required, and the destruction of those
specific organics is the fundamental process requirement.

Development of a commercial or field-scale composting
system for Type 2 wastes would require, in its early stages,
experimental investigation in two broad areas:

" Preliminary, feasibility-level testing to determine
whether the proposed process is scientifically and
technologically valid.

" Engineering-level investigations with the goal of
determining actual design and operational parameters.

A significant portion of process development, following
successful initial demonstrations, involves the investigation
of various process variables and control parameters for their
possible effects on process performance and economics. Among
the process related variables that might be evaluated at either
the feasibility or engineering level are the following:

* Growth and cultural characteristics of the microbial
populations which develop in the compost pile, and
whether those naturally-developing populations could
be augmented by the addition of bacterial supplements.

"* The amendment and nutrient mixtures and types that
best promote microbial activity.

" Specific operating parameters such as mixing. require-
ments, aeration rates and cycles, and leachate genera-
tion/water consumption rates.

2.2.2 Composting of explosives--contaminated wastes. The
composting of explosives-contaminated solid wastes has been
studied at both laboratory and field scales, and early
literature has recently been reviewed (1]. These initial
investigations have generally focused upon the first of the
above categories of investigation, i.e., a demonstration that
reduction in explosives concentrations through composting is
technically feasible.

USATHAMA has conducted previous research into the composting
of sediments contaminated with explosives or propellants. Labor-
atory scale and pilot scale tests were conducted at Louisiana
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Army Ammunition Plant (LAAP) and Badger Army Ammunition Plant
(BAAP) by Atlantic Research Corporation for USATHAMA [6]. The
experiments on LAAP sediments examined the potential for treat-
ment of TNT, RDX, HMX, and tetryl, while the work at BAAP
focused upon nitrocellulose. Two types of compost materials were
examined in the laboratory, including an alfalfa hay/horse feed
mixture and a sewage slude/wood chip mixture. External tempera-
ture control (incubatior. was used to maintain thermophilic
conditions.

Three different sediment ratios (10, 18, and 25 percent soil
by weight) were tested. Laboratory results indicated that all of
the target compounds (TNT, RDX, HMX, tetryl, and nitrocellulose)
were susceptible to destruction by composting under one or more
of the sets of reactior. conditions (combinations of compost
material and soil fraction). Based upon these results, pilot
scale tests were conducted for composting of LAAP and BAAP sedi-
ments. The scale of these tests were sufficiently large (500
gallons each) to allow olservation of the self-sustaining prop-
erties of the compost mi.xture (with respect to temperature).
LAAP sediments were mi::ad with hay/horse feed (11 percent
sediment by weight) and sewage sludge (16 percent sediment by
weight). BAAP's nitrocellulose contaminated sediments were com-
posted with the hay/horse feed mixture at the rate of 15 percent
sediment by weight. Degra ation of TNT, RDX, HMX, and tetryl was
demonstrated in self sustaining composts using the hay/horse
feed and the manure/hay/3awdust mixtures. Degradation was not
observed in the sewage sludge compost, in direct contrast to the
laboratory results. It was postulated that adequate compost con-
ditions (temperature) could not be sustained for sufficiently
long periods on the residual carbon content of sewage sludge.
Degradation of explosives in laboratory scale sewage sludge
composts was apparently facilitated Ly the external temperature
control.

The pilot scale test of nitrocellulose contaminated sedi-
ments, in combination withi alfalfa/horsefeed, demonstrated rapid
and essentially complete degradation of this constituent under
self-sustaining conditions.

A field-scale demonstration of composting was conducted by
WESTON for USATFAM.A, using LAAP sediments contaminated with TNT,
RDX, IUMX, and tetryl (1]. This demonstration employed the
aerated static pile composting configuration, with total compost
volumes of 34 to 39 cubic yards in each pile. Temperature was
the primary variable examined in this study with comparative
evaluation of piles maintained at mesophilic (35°C) and
thermophilic (55°C) temperatures.

Initial tests during this project composted sediments with
a mixture of straw/manure and sawdust, using a higher sediment
ratio than had previously been attempted (36% sediment by
volume, or 79% by mass). Although the compost in these piles
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generated sufficient heat in the early stages to achieve temper-
atures of approximately 45 vo 50 0 C, both test piles cooled down
within approximacely 33 days. Reductions in TNT concentrations
in the two test piles were 64 and 84 percent, and no
significant change in RDX or HMX concentrations were found.

It was postulated that the lack of adequate heat production
was attributable to a low moisture content and the high propor-
tion of soil compared to degradable carbon in the compost
mixture. Consequently, two additional piles were constructed
using a modified mixture so that moisture and organic content
would not limit microbial activity. The new compost preparation
incorporated contaminated sediment at 3 percent by volume, 24
percent by mass in a mixture of alfalfa hay, straw manure, and
horse feed. The compost mixture was moistened with water during
pile construction.

Under these conditions it was found that average compost
temperatures could be maintained in the desired ranges (approxi-
mately 35 0 C and 559C respectively in the mesophilic and
thermophilic piles) by controlling operation of the aeration
system. The piles were operated in this fashion for 153 days.
Excellent destruction of the target compounds was achieved
during this period, with the reduction in total explosives
content (sum of all target explosives) being 98 percent for the
mesophilic pile and 99.6 percent for the thermophilic pile.

Based upon the results of these experimental efforts, the
technical feasibility of composting explosives-contaminated
soils can be summarized as follows:

0 Substantial reduction in explosives concentrations
through composting is possible under test conditions
examined to date.

0 Generally, the addition of supplemental carbon and
energy sources, as well as nutrients, is necessary,
suggesting that the reduction of explosives concen-
trations may be a cometabolic, or at least a partially
nongrowth, event. (From the standpoint of materials
balances, the volumetric fraction of the total com-
posting material represented by explosives-contaminated
wastes has generally been on the order of 10 percent
by volume.)

0 At the present level of knowledge, end products of the
reaction that remain in the finished compost do not
appear to be toxic.

& As with conventional composting, the process appears
to be temperature related (with respect to degradation
rate) with thermophilic conditions (approximately 55 0 C)
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providing better results than mesophilic temperatures
(approximately 35 0 C) as measured by destruction
efficiency [1].

2.2.3 Kinetics and reaction parameters. The pilot-scale
experiments reported in the ARCs study and the field demon-
stration conducted by WESTON both determined that, under the
conditions studied, the rate of disappearance of the target
explosives could be described by first order reaction kinetics
(i.e., a rate equation of the form C - Coe-kt where C is the
concentration at time t, Co the concentration at time 0, and k
the specific rate constant). Under such kinetics, the half life
of the constituent, or the time required for half of the
existing quantity or concentration to degrade, is constant.

Table 2-1 sumimarizes the experimental conditions from which
kinetic data were obtained in each study, as well as the
specific rate constants and half-lives estimated for each
constituent.

Given the range of operating conditions in these experi-
ments, the kinetic data obtained appear to be reasonably
consistent. It should be recognized that the effects of
explosives concentration, interactions among contaminants, and
compost operating parameters on microbial kinetics have not
been fully defined.

The data in Table 2-1 indicate that, of the four explosives
present in these experiments, TNT is most rapidly degraded,
while HMX is most slowly degraded. The single estimate of
tetryl degradation rate presently available indicates that its
degradation is approximately as rapid as TNT.

As with all waste treatment processes, the feasibility and
economics of composting will be directly influenced by the
length of time required for treatment. Treatment requirements
may be specified in terms of final residual concentrations in
the product or in terms of required treatment efficiency (i.e.,
as percentage removed), and may be developed on a site-specific
basis. Once determined, the treatment. period to reach such
objectives will also be affected by the level of contamination
in the soil/sediment as well as other factors.

Treatment standards for explosives-contaminated soils have
not been fully developed. However, measured or estimated
degradation kinetics can be used to evaluate potential design
and operating requirements under various potential treatment
scenarios.

As noted previously, the effect of initial explosives
concentration on the rate and extent of reaction is not fully
understood. It is well known that the rate of microbial oxida-
tion of substrates is not always an increasing function of
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substrate concentration. For some organics a concentration may
exist above which microbial oxidation may decrease due to
inhibitory or toxic effects of the substrate. Even when not
serving as a substrate, toxic organics may inhibit microbial
activity. An upper concentration limit may exist for explosives
composting, although its value has not yet been determined.

From the standpoint of field application, an important
question involves the upper concentration limit that can exist
in the prepared compost pile for the process to succeed.
Previous work has indicated the need for the addition of
supplemental carbon and nutrient sources in order to maintain
the biological reaction.

In terms of the potential toxicity of the explosives in the
composting process, the addition of carbon sources and bulking
agents has the effect of diluting the bulk explosives concen-
tration to lower levels, possibly lowering the liklihood of
toxic effects. However, it should be noted that significantly
higher localized concentrations ace likely to persist to the
extent that the mixture is not truly homogenous. The mixing
ratios and resulting compost pile explosives concentrations at
which previous studies have been conducted provide one estimate
of the raw sediment explosives concentrations that can be
successfully treated. The extent to which higher raw explosives
concentrations would necessitate lower ratios of sediment to
compost will directly affect engineering design and operating
parameters. Even within the acceptable concentration range, the
specific rate constant may vary with initial concentration.

It should also be noted that a variety of factors other than
substrate concentration may limit the extent of reaction. Com-
monly cited examples include the accumulation of toxic or
inhibitory reaction products, certain microbial population
effects, and other changes in environmental conditions. To some
extent such limitations are inherent in batch treatment proc-
esses, and the unavoidable heterogeneity of a compost mixture
may also play a role. Whether such interactions actually deter-
mine the extent of reaction, and whether operational strategies
exist that can mitigate such effects, is not yet known.

2.2.4 Process control. With an understanding of the
effects of reaction conditions on rate, the possibility of con-
trolling or manipulating these parameters in order to optimize
performance can be considered. Operating variables that may be
under engineering control in a compost system include mixing
regime, nutrient conditions, moisture level, aeration, and
temperature.

Several of these parameters are, of course, interrelated.
Aeration will directly affect moisture levels by evaporation,
and will affect temperature both through the direct removal of
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:ieat and by evaporative cooling. In fact, aeration may be the
.iajor process control parameter used.

Finstein et al. [7 to 10] argue that the most effective
process control for composting operations generally centers
uipon temperature. (It should be noted that their discussion
2eals with composting of municipal wastewater treatment plant
,sludges, wherein neither nutrient and moisture limitation nor
-izcrobial inhibition and toxicity is a major problem.) The
iuthors acknowledge that the ultimate goal of design and
operation shauld be to maximize microbial rates, and that the
:ational method of achieving this condition is to contrcl
:emperature within the compost pile, with a maximum operating
temperature of 60 0 C (10]. The recommended method of achieving
•uch control (assuming that the basic pile configuration is
icceptable) involves ventilative heat removal using positive
iressure forced air ventilation in conjunction with feedback
:emperature control systems (a combination the authors refer to
is the Rutgers strategy after the university at which the
:oncept was developed). The authors do not completely discount
:he potential contributions of factors such as bulking agents,
ioisture, and periodic remixing of the pile but consider their
,alue to be in support of, and secondary to, the primary effort
:o control temperature.

The need for process control parameters leads to a discus-
3ion of composting system configuration. Many, if not most, new
municipal compost facilities are of the aerated static pile
configuration in which air is drawn or forced through a pile of
composting material by mechanical aeration equipment. Many
examples still exist Df windrow composting in which large
:ompost piles are pericdically turned (by construction equip-
rnent or specially designed composting equipment) to reintroduce
Dxygen and re-establish ccmposting conditions.

More recent developments involve mechanical, in-vessel
(reactor) composting systems in which, generally, composting
mixtures are mechanically agitated. In theory, the intent of
such systems is to provide a higher degree of process cortrol
as compared to, for example, the aerated static pile system.

In order to be of practical value, an improvement in process
control should translate into improvement in reaction rates or
other performance criteria of sufficient magnitude to offset the
generally higher capital cost and operating complexity of such
systems. Based upon literature encountered to date, there does
not appear to be any demonstrated experience with the use of
mechanically agitated systems for composting explosives-contam-
inated wastes. With respect to sludge composting process
temperature control, Finstein et al., as noted above, suggest
that mechanical agitation by in-vessel composting systems
neither ensures not precludes effective control. The authors
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discuss some mechanical composting systems which they feel
would mitigate against effective temperature control due to
unfavorable pile configurations [10]. Conversely, Einstein et
al. present the possibility for conversion of existing aerated
static pile systems to the "Rutgers strategy" by redesign of
the ventilation to provide forced air, and the control systems,
to provide a temperature feedback control loop.

It might be speculated that mechanically agitated systems
may result in improved homogeneity in an explosives composting
system and thus reduce limitations (if any) arising fromhigh
localized explosives concentrations or uneven distribution of
substrate, nutrients, or microorganisms. Such speculation has
not, as yet, been subjected to investigation.

As discussed above, the primary methods for controlling
oxygenation and temperature in compost mixtures, given the
presence of adequate carbon sources, are mechanical agitation
and ventilation. Moisture addition when necessary is con-
ceptually straightforward, so long as excess water addition and
consequent leachate production are controlled.

Alternative methods of process control might be postulated
particularly for temperature control. For example, the use of
heat trapping enclosures, such as greenhouses, and waste heat
from other processes might conceivably supplement microbial
processes in maintaining compost temperatures. In municipal
sludge or solid waste composting there is, of course, little
incentive to pursue such concepts. In fact, removal of excess
metabolic heat resulting from degradation of the carbon source
is generally the necessary form of temperature control. However,
in the composting of contaminated sediments, self heating will
not occur in the absence of added carbon. As noted previously,
supplemental carbon sources are added at potentially significant
cost to enable the establishment and maintenance of cultural
conditions that foster destruction of the target compounds. To
the extent that the actual function of supplemental carbon is to
provide for heat generation rather than maintenance of popula-
tion density, it may be possible to consider economic tradeoffs
between the cost of this carbon and the use of other heat
sources. Thus, while there is no economic incentive for investi-
gating such options in municipal composting, there may be for
explosives composting. There are, however, important technical
questions which would have to be addressed, in addition to
economics. The true significance of the supplemental carbon for
purposes other than heat generation should be considered in
order to evaluate whether it can be partially replaced. Further-
more, the effectiveness of potential methods for applying heat
to the pile would have to be demonstrated. Lastly, it might be
noted that if supplemental carbon is required in excess of its
use in heat production, then heat removal, by ventilation or
possibly other means, would still be required.
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It was noted at the beginning of this section that several
of the process control parameters :ýe interrelated. Therefore,
efforts to alter and improve comrols of one such parameter
must consider the potential effer:ts of such changes on the
other interrelated parameters.

2.3 Regulatory issues. The sediments resulting from the
accumulation of pink water from explosives manufacturing
operations are classified as a listed hazardous waste from
specific sources-K047 (pink/red water from TNT operations) as
defined in 40 CFR 261.32. The RCRA classification of contami-
nated sediments should be reviewed on a site-specific basis for
final determination. The treatment of explosives-contaminated
(TNT, RDX, HMX, tetryl) sediments by aerated static pile
composting involves piling up the compost mixtures (sediment-
bulking agent) and aerating the compost pile. Therefore, from
the regulatory standpoint a composting operation may be
considered as a form of waste pile.

As defined in 40 CFR 260.10, "pi.-" means any noncontainer-
ized accumulation of solid, nonflowing hazardous waste that is
used for treatment or storage. On the basis of this definition,
it seems probable that the regulations listed in 40 CFR 264
Subpart L (Waste Files) would apply to the treatment of
explosives-contaminated sediments (hazardous waste) in compost
piles. The permit program for this category may, in some cases,
be managed by the state in which the treatment facility is to be
constructed and operated (subject to EPA approval of the state's
program). Under Subpart L of 40 CFR 264, the treatment facility
(waste piles) must meet RC!RA facility design requirements that
include a double liner system and a leachate collection system.
In addition, 40 CFR 264 Subpart F regulates the groundwater
monitoring requirements for treatment facilities that treat
hazardous waste in waste piles.

However, exemptions from the requirements to install a
liner and leachate collection system, and exemptions from the
Subpart F groundwater monitoring requirements, may be possible
if it is demonstrated that neither runoff nor leachate is
generated from the pile. Specifically, the following should be
demonstrated during construction of the compost piles (40 CFR
264.250(c)):

* Protection from Precipitation. Demonstrate that the
pile is inside or under a structure that provides
complete protection from precipitation.

Free Liquids. Demonstrate that neither liquids nor
materials containing free liquids are placed in the
pile.
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* Runon Protection. Demonstrate that the pile is
protected from surface water runon by the structure or
in some other manner.

Wind Dispersal Control. Demonstrate how the pile
design and operation controls wind dispersal of wastes.

Leachate Generation. Liemonstrate that the pile will
not generate leachate through decomposition or other
reactions.

It is possible that the compost pile would beexempted from
the requirements of a liner system, a leachate collection
system, and 40 CFR 264 Subpart F groundwater monitoring
requirements [11]. Before granting these exemptions, the EPA
and/or state agency would evaluate in detail the proposed design
and construction of the compost pile system with regard to:

0 Protection from precipitation.
a Free liquids.
* Runon protection.
"* Wind dispersal control.
"* Leachate generation.

A RCRA Part B Permit Application for Subpart L, containing
the general information as described in 40 CFR 270.14 and the
relevant specific information as presented in Appendix A, must
be submitted to the state agency for approval. These informa-
tion requirements are necessary in order for the state agency
to determine whether the treatment facility is in compliance
with 40 CFR 264 Subpart L standards.

Because the compost mixture is classified as hazardous, it
is possible that the EPA and/oi state agency may determine that
the composting treatment facility must meet RCRA facility design
requirements, Under these circumstances, the facility should
comply with tne regulations listed in 40 CFR 264.251 pertaining
to design and operating requirements for waste piles (compost
piles).

A list of specific items (40 CFR 264.251 and 40 CFR 270.18)
with regard to liner system description, liner foundation
design, a leachate collection and removal system, a runon
control system, and a runoff control system, which should be
discussed in detail in the RCRA Part B Application for Subpart
L to deMonstrate the compliance of the treatment facility with
RCRA facility design requirements, is presented in Appendix "..

In addition to these general requirements, more specific
facility regulations may apply in specific locations and
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situations. Examples of additional standards that warrant
investigation on a case-specific basis include:

a RCRA facility closure requirements that will apply
after the facility ceases operation.

* RCRA disposal requirements for redispcsal of treated
sediments. In this report, it is assumed that treated
sediments can be delisted and disposed of on land, in
a manner similar to conventional compost.

* RCRA manifest and transportation requirements if sedi-
ments must be moved offsite. As noted above it is
assumed in this report that onsite disposal can be
used.

* RCRA impoundment requirements and NPDES or pretreat-
ment requirements if excess runoff or drainage is
generated. It is assumed in this report that runoff/
leachate will be recycled to the compost pile.

* State RCRA requirements (whe:e approved by EPA) that
may be more stringent than federal standards.

0 State solid waste regulations, if the sediments are
determined to be nonhazardous.

• Local erosion and sedimentation (E&S) plan requirements
for facility construction and operation.
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3. CONCEPTUAL PROCESS DEVELOPMENT

3.1 Obiective. The primary objective of the conceptual
process development section is to describe an aerated static
pile composting system for the treatment of explosives-contami-
nated sediments. This process development section will discuss
the primary equipment, facilities, materials, personnel, and
regulatory requirements that comprise the conceptual treatment
system.

This process development is based upon the use of an aerated
static pile composting system, with general operating parameters
derived from the previous field demonstration project [1]. Such
an approach has been selected as best representing the current
state of process development and therefore being most nearly
ready for implementation. Some potential alternatives, modifica-
tions, and process sensitivities will be addressed in Section 4.

3.2 Pesign basis and assumption. Based on data collected
during the field demonstration project showing composting of
explosives-contaminated sediments at the Louisiana Army
Ammunition Plant (LAAP)(lI, published literature for composting
of municipal and industrial sludges (see Subsection 2.2), and
visits to state of the art composting facilities, a design
basis was developed.

3.2.1 Compost pad configuration. An aerated static pile
system located in a bin-type structure (three wooden walls) was
established for the design basis. This resulted in a rectangular
pile configuration with dimensions of 60 feet long by 40 feet
wide by 8 feet high, resulting in a total compost pile volume
of 19,200 cubic feet (711 cubic yards). A cross section of the
compost pad is provided in Figure 3-1.

This static pile system configuration with bin walls was
selected because it offered the following advantages over
non-bin type systems: t

The bins act as an insulating barrier for the compost
pile allowing for better temperature control.

* The bins protect the compost pile from the elements
(snow, rain, wind, etc.) and therefore help control
runon/runoff.

* The bin walls help prevent short-circuiting of air as
commonly happens in non-bin type systems.

The use of bin walls can also increase the total compost
mixture volume in the pile by allowing a rectangular rather
than trapezoidal cross section.
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3.2.2 Compost mixture. The compost pile mixture devt -oped
during WESTON's field demonstration at LAAP was used as a base-
line and modified to reflect potential optimal conditions for
the design basis. The design basis mixture is presented in
Table 3-1.

The primary modification, as compared to the LAAP study,
involved the elimination of the high protein horsefeed that was
present in the test compost mixture at a volumetric ratio of 12
percent. This material is relatively expensive ($220 to $260 per
ton) and, at the volume ratios used at LAAP, would present a
significant operating cost to the facility. While the use of
this rich supplement may be beneficial, its presence has not
been sufficiently established as essential to the process to
justify its cost.

The volumetric fractions of the straw/manure mixture and
alfalfa were increased to compensate for the volume loss created
from the deletion of horsefeed. The relative proportions of
straw/manure to alfalfa were retained atý approximately 1.09:1
[1].

3.2.3 Compost pile sediment fraction. The contaminated
sediment fraction in the compost mixture is assumed for the
baseline case to be 10 percent by volume. This fract'ion repre-
sents the best current estimate of the maximum sediment fraction
that will achieve and maintain the requisite microbial environ-
ment. This estimate does not consider the maximum allowable bulk
explosives concentration (with respect to microbial toxicity
and/or process kinetics).

The previous study was conducted at a bulk explosives con-
centration in the compost mixture of 18,000 mg/kg [I). Although
it is possible that some sediments may exhibit explosives levels
greater than 18,000 mg/kg and that these concentrations may
determine the maximum compost mixture sediment fraction, this is
not, at present, considered to be a likely scenario. It is
assumed that for the purposes of this study explosives levels
will not affect application of this process from either a micro-
bial toxicity or a safety standpoint.

3.2.4 Composting treatment period. This conceptual
development is based upon an assumed treatment requirement of
99.5% removal of TNT. Based upon kinetic data from the LAAP
study (presented in Table 2-1), the half life of TNT under
thermophilic ccnditions is approximately 11.9 days. Under these
conditions, the minimum composting period for contaminated sedi-
ments to achieve approximately 99.5 percent removal cf TNT would
be 90 days. Therefore, for this study a compost pile cycle time
of 90 days was assumed. The potential effects of varying the
compost period, representing various treatment objectives, are
discussed in Section 4.
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TABLE 3-1. MODIFIED COMPOST PILE MIXTUREa

Volumeb Massb Densit c
Component Volume % (yd 3 ) Mass % (lbs) (tons) (lb/ydý)

Sediment 10 71 69 163,584 82 2,300

Alfalfa 43 307 9 22,394 11 72

Straw/Manure 47 3 __2 51220 2 155

Total 100 711 100 237,198 119 -334

aSource: Reference [1].

bAssumes a rectangul r compost pile with a total volume of
711 cubic yards (ydl).

CDensity based on information obtained from source (1].
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3.2.5 Regulatory requirements. The composting system is
assumed to be classified as a Resource Conservation and
Recovery Act (RCRA) facility, and subsequently must meet or
exceed the RCRA facility design standards (see Appendix A).

3.2.6 Facility size. Three different size composting
facilities were evaluated, with each employing a different
number of the base (modular) compost pads, as described in
Subsection 3.2.1, to achieve various sediment processing rates.
The smallest of the three facilities employs 12 composting pads,
while the largest employs 124 pads. This size range was selected
to encompass the required processing rates for completing
cleanup projects (20,000 to 200,000 tons of sediment treated in
5 years) under the stated operating conditions with respect to
the quantity of sediment in each pile (approximately 80 tons)
and the required composting period (90 days). An intermediate
size facility comprising 50 composting pads was also developed.

The materials balance for a single (modular) compost pile
was used to develop appropriate support facilities and to meet
the total materials handling requirements of each system.

The following sections present equipment requirements for
the three systems. The detailed discussion of design and
operating requirements uses the intermediate size facility (50
pads) as the illustrative example. Likewise, the economic
sensitivity analysis presented in Section 4 uses the 50-pad
facility as its baseline. For the facility sizes considered in
this study, the total mass of sediment treated in 5 years
(under the stated assumptions) would range from 18,000 tons for
the 12-pad facility to 200,000 tons for the 124-pad facility.

Conceptual layouts for a 12-pad (3,600 tons of sediment per
year), 50-pad (16,000 tons of sediment per year), and 124-pad
(40,000 tons of sediment per year) composting facilities are
shown in Figures 3-2 to 3-4, respectively.

3.2.7 Water (drainage) management. It is assumed that
composting is essentially a water-consumptive process so that,
if rainfall and runon is controlled, no net generation of
drainage will occur from the compost pile. Rather, the addition
of small quantities of makeup water (currently estimated at 610
gallons per pile per day) will be required (1].

Some quantities of runoff water are expected to be generated
from high traffic areas of the compost pad area that are open to
the weather. Good management practices will be used to keep this
area as clean as possible. However, this runoff may still be
considered to be potentially contaminated. A collection basin
will be used to collect and hold runoff from this area for
recycle to the compost piles.
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3.2.8 Aeration requirements. Blowers were sized assuming
the Rutgers method of control (i.e., forced ventilation).

3.3 P-rocess Description and Materials Balance. By using
this design basis, a process flow diagram and materials
handling scenarios were developed (see Figure 3-5 and Tables
3-2, 3-3, and 3-4).

The process flow diagram applies to all three facility sizes
that were analyzed. Each process stream and/or operation must
be performed for each facility. However, the number and type of
individual pieces of equipment will depend on the sediment
treatment kinetics and facility size. For example, the 12-pad
facility size following TNT kinetics requires one compost mixer
while the 124-pad facility requires seven to maintain the four
piles per year per pad processing rate desired. Therefore, the
materials handling scenarios will vary for the three facility
sizes. The materials handling scenarios for the 12-pad, 50-pad,
and 124-pad facilities are presented in Tables 3-2, 3-3, and
3-4, respectively. The materials handling scenarios are based on
an 8-hour work day for 5 days per week for 50 weeks per year or
2000 hours per year. All quantities given on a per day basis
refer to the 8-hour per day operating schedule.

In terms of the actual materials flow through the system,
system operations can be divided into three categories (pile
construction, pile operation, and compost disposal), as indi-
cated in Figure 3-5. Although for any single compost pile these
phases are sequential, the routine operation of a multi-pad
facility will involve differing proportions of activity in each
phase at given points in time. For example, in a small facility
of 12 pads, construction of the 12 piles may take approximately
20 operating days. Once 12 piles have been constructed, addi-
tional pile construction will not be needed again until the
first of the original piles is finished. Likewise, it will
probably be possible to dispose of 12 compost piles relatively
quickly. Therefore, certain phases of the overall operation
will actually operate in periodic fashion.

In Table 3-2, 3-3, and 3-4, therefore, the compost pile
construction phase represents the materials balance during those
periods of compost pile construction. The compost pile operation
represents the daily operation of each individual pile with the
assumption that the facility will operate the maximum number of
piles on a year round basis. The materials balance for compost
disposal again represents the disposal rate during the periodic
disposal operation.

In the development of the equipment lists and operating
requirements for the facilities described herein, the overall
rates of the various phases have been matched with the overall
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goal of keeping the overall facility at maximum capacity
(maximum number of piles in continuous operation).

It is recognized that to some extent differences in
processing rateS among the various phases resuit from discrete
operating rates for specific standard equipment sizes. It is
possible that, in specific site applications, some additional
optimization in equipment sizing may be achieved.

At present, several aspects of the system mass balance
remain, to a large extent, indeterminate, particularly with
respect to the fate of organic materials in the exit streams
(indicated by "U" in the mass balance). In the absence of
quantifiable irformation, the general concepts are noted with
respect to compcst mixture components:

0 Soil fraction. The biologically inert soil mass is
expected to be conservative and to exit the system
comple:ely in the final compost (Stream 9).

0 Organi: (amendment) mixture. The amendment mixture
serves as a substrate for microbial growth and heat
generation (as well as in its role as a bulking agent).
Therefore, a portion of this material is metabolized
durinc composting. Of the portion metabolized, a frac-
tion 7s mineralized to end products, including carbon
dioxide and water, expressed in the exit gases (Stream
9) and final compost mixture (Stream 10). The degrad-
able portion not mineralized would be expressed as an
increase in microbial mass in the final compost mix-
ture. Finally, the amendment material not degraded, as
well as its minor inorganic fraction, will be retained
in the final compost mixture.

0 Moisture. Moisture will leave the mixture primarily
through evaporation in the exit gas (Stream 9) (so
long as the moisture addition rate is controlled to
prevent leachate generation).

The net effect of these factors on the final compost mass
for disposal has not been fully determined. In the LAAP field
demonstration, WESTON visually observed an approximate 20 to 30
percent volume reduction in the final compost as compared to
the original compost mixture [11. This loss of volume results
not only from a loss of mass through microbial metabolism but
also from settling and compaction of the compost mixture and
any net water losses.
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3.3.1 Process description. The aerated static pile compost-
ing process is made up of six basic materials handling steps:

1. Sediment Excavation/Staging.
2. Amendment Materials Preparation.
3. Compost Mixing.
4. Pile Construction.
5. Pile Operation and Remixing.
6. Pile Removal and Disposition of Treated Sediment

Compost.

The following subsections provide a description of the major
equipment and various materials handling steps that are included
in the conceptual compost system and based upon the process
flow and materials balance information provided in Figure 3-5
and Tables 3-2, 3-3, and 3-4. In the description that follows,
equipment sizes and capacities are provided consistent with
these requirements. References to specific equipment by
manufacturer or model number are used only for illustrative
purposes and do not exclude the use of other similar equipment.

3.3.1.1 Sediment excavation/staging. Contaminated sediment
would be excavated from the source area and loaded into a
12-cubic-yard dump truck. The dump truck bed could be slightly
tilted toward the excavation to allow free standing water to
drain from excavated sediment back into the excavated area. When
the dump truck is filled with sediments, it will be moved to
the mixing area. The dump truck will be parked or staged in the
mixing area and utilized as a storage and/or feed container for
the sediments prior to their incorporation into the compost
mixing procedure. Upon completion of the use in the compost
mixing area the dump truck will pass through a wheel wash to
prevent contamination. For larger facilities, where the dump
truck is more active, the sediments may be staged in the
compost mixer area on plastic (visqueen) sheeting. This will
result in a savings of operating time. For the baseline facil-
ity presented in previous sections, the estimated sediment
volume to be excavated is 71 cubic yards per pile. Therefore,
for a 50-pad system following TNT kinetics for 99.5 percent
removal (90 days per pile and 196 piles per year), the annual
processing rate is 14,000 cubic yards per year (16,000 tons of
sediment per year). During pile construction operations, the
mixing equipment will process 154 tons per day, and this opera-
tion will take place 104 days per year.

3.3.1.2 Amendment materials preparation. The amendment
materials used during the composting process include alfalfa and
a straw/manure mixture. These materials are delivered through
the clean side of the facility (see Figure 3-3 and Subsection
3.4.1.1). This area is isolated from contact with the sediments
in order to minimize costs and materials associated with decon-
taminating trucks and equipment. The amendment materials will be
staged in the compost mixing area on plastic (visqueen) sheeting
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and covered with plastic sheeting when the facility is not
mixing compost. The alfalfa is delivered in bales that require
"pretreatment" before addition to the compost mixer. A tub
grinder (such as that supplied by Jones Grinding in Beemer,
Nebraska (12]) will be used to debale the alfalfa and reduce it
to a 2 to 3-inch particle size. A front-end loader with a two-
cubic-yard bucket capacity will be used to load and unload the
alfalfa tub grinder. The straw/manure mixture will require no
pretreatment before its use in the compost mixer and will be
stored on plastic sheeting during nonactive periods. For the
50-pad facility the estimated volume of alfalfa and straw/manure
required to process 14,000 cubic yards of sediment per year are
60,200 cubic yards per year and 65,300 cubi' yards per year,
respectively.

3.3.1.3 Compost mixing. In this step the amendment compo-
nents are mixed with the contaminated sediment to form the
actual compost mixture. The compost mixer is a batch-type mixer
with a 15 to 20-cubic-yard working batch size. One such unit is
manufactured by Sludge Systems, Inc., Eau Claire, Wisconsin
[15], which has a 17-cubic-yard working batch size with a
mixing time of 3 to 6 minutes (see Figure 3-6).

The sediments will be loaded into the open top batch mixer
using the backhoe. The theoretical production rate of this
1-cubic-yard bucket capacity backhoe is 120 cubic yards per
hour [13]. Amendments will be loaded into the mixer with a
1-cubic-yard front-end loader having a theoretical capacity of
65 cubic yards per hour. The materials will then be mixed for
an estimated 5 minutes and then conveyed out of the mixer to
the compost drop area. The compost is then transported from the
drop area to the compost pads by means of another front-end
loader. For larger size facilities the compost mixture can be
conveyed to the bed of a dump truck for transport to the pads.
This would decrease the travel distance of the front-end
loader. It should be noted that the reasons for using the back-
hoe for sediments and the front-end loader for amendments are
two-fold. First, the backhoe will handle the sediments from the
contaminated side of the facility while the front-end loader
remains on the clean side of the facility. Second, by using
individual pieces of equipment, the materials handlers can keep
pace with the compost mixer.

A production schedule for the overall compost mixture
preparation step is presented in Figure 3-7. This schedule has
been developed using estimates of actual equipment operating
rates based upon their theoretical capacities derived from the
literature [13]. Table 3-5 summarizes the theoretical and
assumed actual operating rates for the pertinent equipment
pieces. Based upon these assumptions, Figure 3-7 shows that
four batches can be completed in 57.5 minutes beginning from
sediment excavation and ending after the compost is mixed. The
front-end loader that is used for compost transport and pile
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TABLE 3-5. THEORETICAL AND ASSUMED EQUIPMENT OPERATING
RATES FOR COMPOST MIXTURE PRODUCTION

Assumed
Equipment Rate

Item Theoretical For
No. Description Rate Analysis Reference

1 Backhoe 120 yd 3 /hr 120 yd 3 /hr 13
2 Dump Truck 12 yd 3  12 yd 3  13
3 Alfalfa Tub Grinder 830 yd 3 /hr 415 yd 3 /hr 12
4 Front-End Loader (Amendments) 66 yd 3 /hr 65 yd 3 /hr 13
5 Compost Mixer 68 yd 3 /hr 56 yd 3 /hr 15
6 Front-End Loader (Alfalfa) 132 yd 3 /hr 130 yd 3 /hr 13
7 Front-End Loader (Compost) 132 yd 3 /hr 130 yd 3 /hr 13

/z
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pile construction, has an operating time that exceeds the 1-hour
time period on the operating schedule, but is active (start of
use in Batch 1 until the completion of use in Batch 4) for only
42.5 minutes every hour. Therefore, a four batches per hour
production rate can be maintained. Each production batch
contains 4.8 tons of contaminated sediment, resulting in an
hourly sediment processing rate of approximately 19.3 tons.

3.3.1.4 Pile construction. The 2-cubic-yard front-end
loader is used to transport wood chips from the wood chip stor-
age area to the compost pads. This compost area front-end loader
has an assumed production capacity of 130 cubic yards per hour
and will be used for wood chip handling as well as compost
handling. A plant laborer will spread the wood chips evenly over
the blower piping network, creating a 6-inch buffer zone for air
distribution. The compost mixture is then loosely placed on top
of the wood chips using the front-end loader until the desired
pile configuration is achieved (8-foot height). The compost
mixture will then be spread as evenly as possible by a plant
laborer. The laborer will then place six thermocouples (each 6
feet long) into the compost pile. The thermocouples will be
placed in one of six 20 feet by 20 feet areas into which the
piles will thecretically be divided. The thermocouples are used
to monitor pile temperature and will control the blower cycling
based on the desired temperature range. (In this case, the
blower cycling will help maintain a 550 C temperature for thermo-
philic conditions.) The addition of water to the pile will be
accomplished by a sprinkler system using water collected from
the onsite collection basin. The water is added at a rate of
approximately 610 gallons per day per pile [1].

3.3.1.5 Pile remixing. It has been assumed for the con-
ceptual design that the piles will require remixing one time
(halfway through the composting cycle) during the compost period
[1]. This will be accomplished using a 2-cubic-yard front-end
loader to remove the compost mixture from the pad and to load
this mixture into one of the trailer-mounted compost mixers. It
is assumed that if a mixer is used for remixing and is required
to mix fresh compost, it will be steam cleaned before its
re-use. The facility will have one empty pad at all times so
that When a pile is being remixed the material will be removed
from one pad and placed on the adjacent pad after mixing. This
will be accomplished with a second front-end loader that has a
2-cubic-yard bucket capacity.

3.3.1.6 Pile removal and disposition of treated sediments.
Upon completion of the compost period, the pile will be sampled
(composite) for analysis and verification of contaminant
removal. The pile will be loaded into a 12-cubic-yard dump truck
using a 2-cubic-yard front-end loader and transported to a
previously selected area onsite for dedicated land disposal c~r
for use as fill material.
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3.3.2 Process flow diagram/materials balance. Figure 3-5
and Tables 3-2, 3-3, and 3-5 show the process flow diagram and
material balances for an aerated static pile composting process
operating under the above conditions. The material balance
sheets show the daily (8 hour) production rates for each process
flow stream. As previously discussed, some operating phases,
such as pile construction and compost disposal, may not be
required every operating day.

Sediments are excavated using a backhoe and transported from
the excavation area to the compost mixing area by means ot a
dump truck at a rate of 45 cubic yards per day. The alfalfa is
processed using a tub grinder to a particle size of 2 to 3
inches and added to the compost pile mixer using a front-end
loader at a rate of 192 cubic yards per day. The straw/manure
mixture is added to the compost mixer using a front-end loader
at a rate of 211 cubic yards per day. After mixing the compost
mixture is transferred from the mixer by means of an attached
conveyor to the drop area at a rate of 448 cubic yards per day.
At this rate, a single compost pile can be constructed in
approximately 13 hours (1.6 operating days). The compost is
picked up using a front-end loader and transported to the
desired pad at a rate of 130 cubic yards per hour. For larger
size facilities the compost mixture may be conveyed directly
into a dump truck for transport to the pad currently under
construction. After the pile is constructed, it remains on the
pad for 45 days at which time it is remixed and moved to the
adjacent and/or empty pad. During the composting period the
following materials are added to each compost pile:

"* Air at 35,000 cfm (average of 10 minutes per hour).
"* Water at 610 gallons per day (1].

3.4 Facility descriotion.

3.4.1 General. This subsection provides a description of
the conceptualized compost facility which would be used to
implement a composting treatment alternative for explosives
contaminated sediments based upon the background review and
regulatory issues discussed in Section 2, and the conceptual
process development presented in Section 3.

These facilities have been developed as hazardous waste
treatment facilities. This approach is based upon the
possibility that, if sediments are excavated from the lagoon
for treatment, the compost pile may be regulated as a waste
pile. As discussed in Subsection 2.3, such an approach would
require positive control of leachate generation and migration,
including the use of a liner and leachate collection system.
This is likely to be the most conservative (and most costly)
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approach to facility design and operation. There are several
potential avenues by which less stringent requirements may be
obtainable without compromising environmental protection:

* The final regulatory approach has not been
definitively determined. If regulatory agencies
determine that other rngulatory categories are more
"appropriate than the waste pile classification,
facility standards may change.

0 As discussed in Subsection 2.3, exemptions from
certain technical requirements (including the double
liner and leachate collection system) may be possible
if it can be demonstrated that the pile will not
generate leachate or runoff.

0 Alternative system design and management strategies,
such as the possibility of conducting the composting
directly in a cleared area of an existing contaminated
lagoon, may result in a different regulatory status.

a In certain geographical areas, meteorological
conditions may minimize the likelihood of runoff or
leachate generation through precipitation.

In order to illustrate the effect of system size on facility
layout, three different facilities (12 pad, 50 pad, and 124 pad)
were developed. basic facility layouts for each system are shown
in Figures 3-2, 3-3, and 3-4. As with the process description
above, the intermediate size (50 pad) facility was chosen as
the illustrative example for the facility description which
follows. The basic design and construction aspects, as well as
general operating parameters, are similar for all three systems.

Following the overall facility description, major equipment
lists are presented for all three conceptual treatment
facilities. Estimated capital and operations and maintenance
costs for each facility are presented in Section 4.

3.4.2 Site layout. The composting facility centers upon a
compact arrangement of concrete pads on which the actual compost
process is conducted. Compactness, consistent with equipment and
materials handling requirements, is important in minimizing the
total area, which might be subject to RCRA standards. The com-
post pad area includes a liner and leachate collection system
and is surrounded by a bern all to control runon/runoff. A
double-lined basin is providea to collect any leachate generated
for recycle to the compost pile.

Facility support areas are segregated into "clean" and
"potentially contaminated" areas to minimize areas subject to
RCRA standards. Contaminated sediments are handled on one side
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of the plant, while "clean" materials (amendments and wood-
chips) enter the other side.

The compost pads employ bin walls and tarpaulins to
minimize or prevent leachate generation, with clean runoff
being diverted to an available sewer or to surface runoff along
with drainage from clean areas.

The following subsections describe these facilities in
detail.

3.4.2.1 Materials preparation and handling. The materials
preparation and handling consists of the alfalfa, straw/manure,
and woodchips storage and/or handling. The alfalfa and straw/
manure are staged in the designated clean area of the plant (no
contact with sediment) on plastic sheeting (visqueen) and
covered with plastic when not in use. These materials will be
moved using a front-end loader or equivalent piece of equip-
ment. The woodchips are staged in the pad area for easy access
by the compost area front-end i-ader and will be covered with
plastic sheeting to keep them dry when not in use.

The amendments and sediments will be mixed in a batch type
mixer located on a concrete mixing pad that measures 40 feet by
40 feet. The concrete pad is sloped to allow for drainage
collection, and the runoff is piped to the collection basin.

3.4.2.2 Compost area. The compost pads are epoxy-coated
concrete (6-inch thick) with trenches for aeration piping. The
concrete pads are epoxy coated to protect the rebar from
corrosion caused by contact with the drainage water. Also, the
epoxy coating is cheaper than an acid resistant type concrete.
The pad dimensions are 40 feet wide by 70 feet long, allowing a
10-foot entrance area to the bins. Each pad will have one
blower and an associated piping network to provide air (oxygen)
to the compost pile and to control temperature.

The bins are constructed of pressure trlatf . timber with an
average height of 12 feet to encompass three sides of the
compost pile. The front is open to access by materials handling
equipment and plant operators. The bins are covered with a
plastic tarp to prevent runon to the piles. The bins will be
constructed to slope from front to rear to collect rain and/or
snow runoff in gutters that will carry the water to the storm
sewer. Figure 3-8 provides a diagram of this system for the
50-pad facility.

Figure 3-3 shows a containment berm that is designed to
prevent runon or runoff from entering the compost pad area. The
area encompassed by the containment berm will have a geomembrane
liner with leak detection to satisfy the RCRA requirements dis-
cussed in Subsection 2.3.
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3.4.2.3 Site support facilities. The site support facili-
ties have been minimized to reduce costs. The support facilities
include an office trailer for plant personnel, a perimeter
fence to maintain site security, and a portable toilet.

3.4.3 Site operation/management. The facility layout has
been adopted to afford the optimum control of materials handling
and composting operation. In the following subsections the
compost pile operating cycle and water management plan will be
presented.

3.4.3.1 Compost pile operating cycle. The compost mixture
is transferred from the drop area to the pads by using a front-
end loader. Once the pile has been constructed, thermocouples
are placed in the pile (six per pile) to monitor compost pile
temperature. By aerating the piles based on temperature, thermo-
philic conditions can be maintained and oxygen can be provided
to the pile. Typical cycle times for blowers when composting
municipal sludge are approximately 10 minutes per hour [14]. In
addition to aerating the piles, water is provided through a
sprinkler system to keep the piles moist.

Since remixing of the compost piles during the compost
period is recommended [1], a provision to, remix has been
included. The remixing will be performed once (at the half way
point) during the composting period. This is accomplished with
two front-end loaders and the batch type mixer. The pile is
broken down and dumped into the mixer by using a front-end
loader. The second front-end loader then transfers the mixture
from the mixer drop area to the open (adjacent) pad. The mixer
has a conveyor attached (see Figure 3-6) to automatically trans-
fer material to an adjacent area. This area next to the mixer is
the above referenced drop area. Remixing of a pile is expected
to take 18 hours. This includes breaking down the pile, remix-
ing, and reconstruction. Since the compost mixer operates at a
rate of 56 cubic yards per hour, it can remix the compost pile
in 13.5 hours of operation. It was assumed that the front-end
loaders can keep up with the mixer and will load and unload
concurrently. A buffer of 4.5 hours has been assumed for lag
time associated with the mixing of the material.

3.4.3.2 Water management. In order to control water runon
and runoff from the site, a water management plan has been
developed. Figure 3-8 illustrates a drainage plan for the 50-pad
facility layout. A concrete containment berm has been provided
to maintain separation between the clean and possibly contami-
nated areas. The berm will prevent runon and runoff to the RCRA
area. Clean stormwater from the pad covers will be transferred
using gutters to storm water drainage outside the berm, while
any possibly contaminated water from pile watering will be
collected and transferred to the collection basin through
drainage piping.
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3.5 Facility design and overating reguirements.

3.5.1 Equipment lists. The major equipment list for the
12-pad, 50-pad, and 124-pad facilities are presented in Tables
3-6, 3-7, and 3-8, respectively. This list includes all major
operating equipment required for sediment excavation, materials
handling, compost mixing, compost pile construction, and
compost pile monitoring and testing equipment.

These equipment lists (particularly with respect to materi-
als handling equipment) are based upon the general approach of
keeping the maximum number of pads in each site actively com-
posting to achieve the maximum number of compost piles treated
per year. Each of the materials handling phases can be
evaluated in terms of this requirement. From this, the required
rate of pile construction (and, where not required continuously
throughout the year, the necessary construction periods) can be
obtained. (Likewise, the frequency and rate of compost disposal
can be estimated). Then, the excavation, transport, and mixing
equipment needed to provide the necessary qualities of compost
at the appropriate time can be estimated for each size facility.

3.5.2 Operating requirements.

3.5.2.1 Control parameters. The primary control parameters
for aerated static pile composting are:

a Pile temperature/air addition.
* Water addition.

The temperature and oxygen (air) addition are controlled by
forced aeration of the piles using blowers. Ani automatic
temperature feedback system from thermocouples to the blower is
typically operated for 10 minutes per hour. Water is added using
a centrifugal pump to recycle drainage collected in the basin.
Typically water is added for one hour every day. (Depending on
facility location, makeup water may be required.)

3.5.2.2 Utilities requirements. The utilities required
onsite for operation are:

* Makeup water for wetting piles.
* Diesel fuel for heavy equipment.
* Electric power for lighting and equipment.

3.5.2.3 Personnel. The facility labor can be categorized
into plant operations personnel (plant supervisor, chemist, and
shift laborer) and production personnel (equipment operators/
laborers). The production staff will require one operator for
each piece of heavy equipment including the compost mixer. Each
operator will be trained in the use of all equipment in order to
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TABLE ?-6. MAJOR EQUIPMENT LIST FOR 12-PAD
(3,600 TONS PER YEAR) SCENARIO

Treatment System Components

-i.... 1. Backhoe

Function: To excavate sediments from lagoons
or other source areas and load them
into dump trucks. Also to load sedi-
ments from staging pad into the com-
post mixer.

Number Required: One

Production Rate: 120 cubic yards per hour

Bucket Capacity: One cubic yard

Type: Caterpillar 225 backhoe or equivalent

2. Dump Truck

Function: To transport the excavated sediments
from source area to mixing area.
Also, to transport treated compost
from pads to fill location.

Number Required: One

Capacity: 12 cubic yards

3. Alfalfa Tub Grinder

Function: To shred the baled alfalfa to a size

of 2 to 3 inches prior to addition to
the compost mixer.

Number Required: One

Production Rate: 15 tons per hour of alfalfa

Dimensions: 9 feet diameter by 11 feet high(typical)

Type: Stationary; electric or equivalent
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TABLE 3-6. MAJOR EQUIPMENT LIST FOR 12-PAD
(3,600 TONS PER YEAR) SCENARIO

(continued)

4. Front-End Loader
(Amendment Materials)

Function: To transfer the amendment materials
fnom the storage area into the
compost mixer.

Number Required: One

Production Rate: 65 cubic yards per hour

Bucket Capacity: 1 cubic yard

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 910 wheel loader or
equivalent

5. Front-End Loader
(Alfalfa Processing)

Function: To load and unload the alfalfa tub
grinder.

Number Required: One

Production Rate: 130 cubic yards per hour

Bucket Capacity: 2 cubic yards

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 926 wheel loader or
equivalent.

6. Compost Mixer

Function: To thoroughly mix the amendment
materials with the sediments to
form the compost material.

Number Required: One

Production Rate: 56 cubic yards per hour
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TABLE 3-6. MAJOR EQUIPMENT LIST FOR 12-PAD
(3,600 TONS PER YEAR) SCENARIO

(continued)

Capacity: 15 to 20 cubic yards per batch

Dimensions: 24 feet long, 9 feet high, and 9 feet
wide

Type: Batch mixer; carbon steel, diesel
powered or equivalent.

7. Front-End Loader
(Compost)

Function: To transfer woodchips and mixed com-
post to the compost pads and build
the compost piles. Also to transfer
compost from pads to dump trucks for
disposal.

Number Required: One

Production Rate: 130 cubic yards per hour

Bucket Capacity: 2 cubic yards

Dimensions: A cycle time of 0.5 minutes

Type: Caterpillar 926 wheel loader or
equivalent

8. Compost Pile Blowers

Function To provide air to the compost piles
for oxygen, moisture and temperature
control.

Number Required: 12; one per pad

Capacity: 46,900 cfm per blower at required
discharge pressure.

Type: Centrifugal; radial-blade type,
explosion proof.
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TABLE 3-6. MAJOR EQUIPMENT LIST FOR 12-PAD
(3,600 TONS PER YEAR) SCENARIO

(continued)

9. Compost Pile Water Pump

Function: To recycle water from collection
pond to the compost pile.

Number Required: Two: one operating, one standby.

Capacity: 10 gpm at required TDH

Type: Centrifugal; explosion proof.

10. Compost Pile Thermocouples

Function: To monitor compost pile temperature

Number Required: 72; six per pad:

Dimensions: 6 feet long

Type: Atkins Technical Compost Probe, model
50135-K or aQuivalent.
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TABLE 3-7. MAJOR EQUIPMENT LIST FOR 50-PAD
(16,000 TONS PER YEAR) SCENARIO

Treatment System Comnonents

1. Backhoe

Function: To excavate sediments from lagoons
or other source areas and load them
into dump trucks. Also to load sedi-
ments from staging pad areas into the
compost mixer.

S
Number Required: One

Production Rate: 120 cubic yards per hour

Bucket Capacity: 1 cubic yard

Type: Caterpillar 225 backhoe or equivalent

2. Dump Truck

Function: To transport the excavated sediments
from source area to mixing area.
Also, to transport treated compost
from pads to fill location.

Number Required: Two

Capacity: 12 cubic yards

3. Alfalfa Tub Grinder

Function: To shred the baled alfalfa to a size
of 2 to 3 inches prior to addition to
the compost mixer.

Number Required: One

Production Rate: 15 tons per hour of alfalfa

Dimensions: 9 feet diameter by 11 feet high
(typical)

Type: Stationary; electric or equivalent
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TABLE 3-7. MAJOR EQUIPMENT L:ST FOR 50-PAD
(16,000 TONS PER YEAR) 3CENARIO

(continued)

4. Front End Loader
(Amendment Materials)

Function: To transfer the amendment materials
from the storage area into the
compost mixe:.

Number Required: One

Production Rate: 65 cubic yaris per hour

Bucket Capacity: 1 cubic yard

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 910 wheel loader or
equivalent

5. Front End Loader
(Alfalfa Processing)

Function: To load and unload the alfalfa tub
grinder

Number Required: One

Production Rate: 130 cubic yards per hour

Bucket Capacity: 2 cubic yard2

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar ?26 wheel loader or
equivalent.

6. Compost Mixer

Function: To thoroughly mix the amendment
materials with the sediments to form
the compost material.

Number Required: Three; trailer-mounted

Production Rate: 56 cubic yards per hour

Capacity: 15 to 20 cubic yards per batch
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TABLE 3-7. MAJOR EQUIPMENT LIST FOR 50-PAD
(16,000 TONS PER YEAR) SCENARIO

(continued)

Dimensions: 24 feet long, 9 feet high, and
9 feet wide

Type: Batch mixer; carbon steel, diesel
powered or equivalent

Bucket Capacity: 2 cubic yards

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 926 wheel loader or
equivalent

7. Front-End Loader
(Compost)

Function: To transfer wood chips and mixed
compost to the compost pads and
build the compost piles. Also to
transfer compost from pads to 'lump
trucks for disposal.

Number Required: Three

Production Rate: 130 cubic yards per hour

Bucket Capacity: 2 cubic yards

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 926 wheel loader or
equivalent

8. Compost Pile Blowers

Function: To provide air to the compost piles
for oxygen, moisture, and tempera-
ture control.

Number Required: 50; one per pad

Capacity: 46,900 cfm per blower at required
discharge pressure

Type: Centrifugal; radial-blade type,
explosion proof.
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TABLE 3-7. MAJOR EQUIPMENT LIST FOR 50-PAD
(16,000 TONS PER YEAR) SCENARIO

(continued)

9. Compost Pile Water Pump

Function: To recycle water from collection pond
to the compost pile.

Number Required: Two; one operating, one standby.

Capacity: 10 gpm at required TDH

Type: Centrifugal; ..plosion proof.

10. Compost Pile Thermocouples

Function: To monitor compost pile temperature.

Number Required: 300; six per pad.

Dimensions: 6 feet long

Type: Atkins Technical Compost Probe, model
50135-K or equivalent.

11. Analytical Equipment

Function: To monitor compost pile removal
efficiency.

Number Required: One High Pressure Liquid Chromato-
graph (HPLC); one exhaust hood
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TABLE 3-8. MAJOR EQUIPMENT LIST FOR 124-PAD
(40,000 TONS PER YEAR) SCENARIO

Treatment System Components

1. Backhoe

Function: To excavate sediments from lagoons
or other source areas and load them
into dump trucks. Also to load sedi-
ments from staging pad into the
compost mixer.

Number Required: One

Production Rate: 120 cubic yards per hour

Bucket Capacity: 1 cubic yard

Type: Caterpillar 225 backhoe or equivalent

2. Dump Truck

Function: To transport the excavated sediments
from source area to mixing area.
Also, to transport treated compost
from pads to fill location.

Number Required: Four

Capacity: 12 cubic yards

3. Alfalfa Tub Grinder

Function: To shred the baled alfalfa to a size
of 2 to 3 inches prior to addition to
the compost mixer.

Number Required: One

Production Rate: 15 tons per hour of alfalfa

Dimensions: 9 feet diameter by 11 feet high

Type: Stationary; electric or equivalent
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TABLE 3-8. MAJOR EQUIPMENT LIST FOR 124-PAD
(40,000 TONS PER YEAR) SCENARIO

(continued)

4. Front-End Loader
(Amendment Materials)

Function: To transfer the amendment materials
from the storage area into the
compost mixer.

Number Required: Three

Production Rate: 65 cubic yards per hour

Bucket Capacity: 1 cubic yard

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 910 wheel loader or
equivalent

5. Front-End Loader
(Alfalfa Processing)

Function: To load and unload the alfalfa tub
grinder.

Number Required: Two

Production Rate: 130 cubic yards per hour

Bucket Capacity: 2 cubic yards

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 926 wheel loader or
equivalent.

6. Compost Mixer

Function: To thoroughly mix the amendment
materials with the sediments to
form the compost material.

Number Required: Seven, trailer-mounted

Production Rate: 56 cubic yards per hour
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TABLE 3-8. MAJOR EQUIPMENT LIST FOR 124-PAD
(40,000 TONS PER YEAR) SCENARIO

(continued)

Capacity: 15 to 20 cubic yards per batch

Dimensions: 24 feet long, 9 feet high, and 9 feet
wide

Type: Batch mixer; carbon steel, diesel

powered or equivalent.

Dimensions: A cycle time of 0.5 minute.

Type: Caterpillar 926 wheel loader or
equivalent.

7. Front-End Loader
(Compost)

Function: To transfer woodchips and mixed com-
post to the compost pads and build
the compost piles. Also, to transfer
compost from pads to dump trucks for
disposal.

Number Required: Six

Production Rate: 130 cubic yards per hour

Bucket Capacity: 2 cubic yards

Dimensions: A cycle time of 0.5 minute

Type: Caterpillar 926 wheel loader or
equivalent.

8. Compost Pile Blowers

Function To provide air to the compost piles
for oxygen, moisture and temperature
control.

Number Required: 124

Capacity: 46,900 cfm per blower at required
discharge pressure.
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II
TABLE 3-8. MAJOR EQUIPMENT LIST FOR 124-PAD

(40,000 TONS PER YEAR) SCENARIO
(continued)

Type: Centrifugal; radial-blade type,

explosion proof.

9. Compost Pile Water Pump

Function: To supply recycle water from collec-
tion pond to the compost pile.

Number Required: 12: Ten operating, two standby.

Capacity: 10 gpm at required TDH

SType: Centrifugal; explosion proof.

I i10. Compost Pile Thermocouples

Function: To monitor compost pile temperature

Number Required: 744; six per pad.

Dimensions: 6 feet long

Type: Atkins Technical Compost Probe, model
50135-K or equivalent.

ll. Analytical Equipment

Function: To monitor compost pile removal
efficiency.

Number Required: One High Pressure Liquid Chromato-
graph (HPLC); one exhaust hood
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compensate for lag periods in certain areas. The laborers will
likewise be trained in all plant areas to allow for interchang-
ing of personnel. A laborer is assigned to each piece of heavy
equipment to assist the operator. The plant operations staff
will oe responsible for sampling, analysis, and overall plant
super,-ision. A full time chemist is to be used for random
sample analysis and verification of compost explosives concen-
trations upon completion of composting the cycle.

3.5.3 Construction Requirements. The compost treatment area
as assumed will require compliance with the Resource Conserva-
tion and Recovery Act (RCRA) facility design requirements
incluc.ing a double liner system and a drainage collection
syste'7. This will require a certain amount of site preparation
work Including the following items:

Site preparation.

- Clearing and grubbing.
- Excavation for liner system.
- Subgrade preparation.
- Final site grading.
- Seeding and mulch.

0 Concrete work.

- Concrete pads for compost piles (epoxy coated for
increasing longevity).

- Containment berm.
- Site paving.

0 Fencing.

- 6-foot galvanized steel chainlink fence.

0 Geosynthetic lining system.

- Pads, including an 80-mL geomembrane liner, a
4-inch HDPE drainage colle~tion pipe, and an
18-inch sand layer with a 10- transmissivity.

- Pond, including two 80-mL geomembrane liners,
4-inch HDPE drainage collec~ion piping, and an
18-inch sand layer wi.th a 10- transmissivity.

3.5.4 Site closure. As with the facility design
requirements actual closure requirements will depend upon
regulatory requirements which cannot, at present, be fully
determined.
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4. ECONOMIC ANALYSIS AND SENSITIVITY

The applicability of composting as an alternative method
for treatment of explosives-contaminated sediments will be
determined in part by its relative cost. Although cost informa-
tion is available for conventional (i.e., MSW or sludge
composting) systems, economic information derived from past
operating experience for explosives or other industrial
composting is not available.

In this section, potential costs associated with composting
of explosives-contaminated sediments are developed. These
estimated costs are based upon the presently available infor-
mation with respect to potential process operating parameters
as developed in Section 3 of this study along with other
necessary design and operating assumptions. The intent of this
analysis is to evaluate the potential economic feasibility of
composting explosives-contaminated sediments at the present
level of process development and to identify areas in which
further process development may be economically warranted.

4.1 Economic analysis - base case system.

4.1.1 Capital costs estimate.

4.1.1.1 Methodology and assumptions. Capital costs for the
three conceptual aerated static pile composting systems pre-
sented in Section 3 were developed using conventional con-
struction cost estimating procedures. Facility dimensions,
materials requirements and quantities, and methods of
construction (such as formwork and placement of concrete) were
developed from the conceptual process development and site
layouts presented in Section 3. Unit and total prices for
facility construction were estimated based upon standard
construction cost references. Unit prices for equipment were
obtained either from standard references for conventional
equipment or from vendor quotes for construction or
agricultural equipment (backhoes, front-end loaders, a tub
grinder, compost mixers, and dump trucks).

4.1.1.2 Geographic/site-specific assumptions. This task
has developed a generalized conceptual approach to explosives-
contaminated sediments composting which, by intention, should
be adaptable to a variety of sites and situations. This process
may have application under a wide variety of geographic,
meteorological, and environmental conditions and location-
specific factors may affect system costs. Such factors may
include the following:

0 The costs developed herein have assumed level topo-
graphy for the purpose of estimating site work for
construction. Due to the relatively large land area
requirements inherent in the composting process, it is
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logical to assume that reasonably level, open areas
\• would be selected for implementation when possible.

SSubstantial deviations from this condition would
affect cost.

The extent of pile drainage/runoff management facili-
ties (in particular, collect basin and the compost
pile cover system) will vary widely from plants
located in dry regions (such as the southwestern U.S.)
to wetter regions (such as portions of the north-
western U.S. and the southeastern U.S.). For the

purposes of this general facility development, the
drainage collection basin assumes total capture from
the RCRA area of a 6-inch rainfall event. Final sizing
would depend upon site-specific meteorological data.

Location-specific attention is warranted to such
factors as wind load and frost-thaw cycles in order to
verify the adequacy of the structural components of
the system. These factors may also adversely affect
the use of cover tarpaulins over the compost bins and
may lower operating efficiencies during the winter
months.

Additional assumptions upon which cost estimates were based
include the following:

The compost site is located as close as practicable to
the lagoons requiring treatment to minimize hauling
requirements. In this analysis, the one-way hauling
distance from the lagoons to the facility was assumed
to be one-eighth of a mile.

o Necessary site utilities (electric, water) are assumed
to be provided to the plant. Cost for providing
utilities to the site are not included.

0 The facility will oper-ate for 8 hours per day, 5 days
per week or 2,080 hours per year. It was assumed that
80 hours would be deducted for holidays and/or down
periods. Therefore, 2,000 hours of operations are
provided for production (i.e., compost mixing, pile
construction, etc.). The operation of the blowers and
water pumps which are necessary during the compost
pile composting phase will be monitored by a plant
laborer (full-time, 24-hour, around-the-clock cover-
age). Site security is provided by a perimeter fence,
and no security personnel are provided.

The potential cost for permitting the facility and for
delisting the finished product compost are not included
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in these estimates. Permitting costs may be variable.
It might be noted that the cost of delisting may apply
only to the first such facility operation and should
not be incurred in subsequent cases.

* An allowance has been included for site closure.

In addition to capital costs, the cotts of equipment
delivery and contractor's markup, where appropriate, were
estimated. The costs for design and engineering were estimated
as a percentage of total capital cost.

4.1.1.3 Contingency. The capital costs, as presented,
contain no contingency factor. A contingency factor (generally
as a percentage of total capital) is conventionally added to
various types of cost estimates to allow for unknown and

f unforeseeable factors or changes which may develop. Concep-
tually, the relative size of the contingency may relate to the
degree of uncertainty associated with the system; under this
approach new and developing processes, such as composting,
would likely warrant a larger contingency than a more proven
remedial process, such as incineration. At the same time,
however, the inclusion of a large contingency may, to some
extent, mask the promise of the process.

Costs are presented in this report without contingency in
order to illustrate the potential for composting to be devel-
oped into an economically viable remedial alternative. It is
important to realize that actual costs for implementation,
particularly at the present state of development, involve a
high level of uncertainty with regard to regulatory and
technical requirements, which could result in higher costs. It
is equally important to note that, to a significant extent,
reduction in the magnitude of economic uncertainty will depend
upon further process development and optimization.

4.1.1.4 Project financing. It has been assumed that funds
for construction of remedial composting facilities would be
obtained through government appropriations on a fiscal year
basis. Therefore, no costs associated with project financing
are included.

4.1.1.5 Results. Potential capital costs for the 12-padI• (3,600 tons per year), the 50-pad (16,000 tons per year), and
the 124-pad (40,000 tons per year) systems are presented in
Tables 4-1, 4-2, and 4-3, respectively. Within the constraints
discussed above with respect to both process parameters and
construction-related variables, the capital costs have been
estimated at $3,459,000, $9,554,000, and $21,247,000,
respectively.
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TABLE 4-1. POTENTIAL CAPITAL COSTS FOR 12-PAD
(3,600 TONS PER YEAR) SYSTEM*

Equipment $ 744,000
Equipment Installation Labor 43,000
Piping 403,000
Electrical 212,000
Concrete 731,000'
Buildings 136,000
Site Work 543,000

Subtotal Capital $ 2,812,000
7% Contractor's Markup 197,000

Total Capital $ 3,009,000
Design at 5% Total Capital 150,000
Site Closure Costs 300,000

Total Capital Cost Estimate $ 3,459,000

"*The 12-pad case represents a 10 percent by volume sediment
mixture following TNT kinetics (90 days per pile) resulting in
82 tons of sediment per pile or 3,600 tons of sediment treated
per year.
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TABLE 4-2. POTENTIAL CAPITAL COSTS FOR 50-PAD
(16,000 TONS PER YEAR) SYSTEM*

Equipment $ 1,635,000
Equipment Installation Labor 134,000
Piping 574,000
Electrical 632,000
Concrete 2,649,000
Buildings 533,000
Site Work 1_308,000

Subtotal Capital $ 7,465,000
7% Contractor's Markup 523.000

Total Capital $ 7,988,000
Design at 5% Total Capital 399,000
Site Closure Costs 1.167,000

Total Capital Cost Estimate $ 9,554,000

*The 50-pad case represents a 10 percent by volume sediment
mixture following TNT kinetics (90 days per pile) resulting in
82 ton3,of sediment per pile or 16,000 tons of. sediment treated
per year.
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TABZE 4-3. POTENTIAL CAPITAL COSTS FOR 124-PAD
(40,000 TONS PER YEAR) SYSTEM*

Equipment $ 3,299,000
Equipment Installation Labor 295,000
Piping 1,252,000
Electrical 1,467,000
Concrete 6,240,000
Buildings 1,306,000
Site Work 2,789,000

Subtotal Capital $ 16,648,000
7% Contractor's Markup 1,165.000

Total Capital $ 17,813,000
Design at 5% Total Capital 891,000
Site Closure Costs 2.543,000

Total Capital Cost Estimate $ 21,247,000

*The 124-pad case represents a 10 percent by volume sediment
mixture following TNT kinetics (90 days per pile) resulting in
82 tons of sediment per pile or 40,000 tons of sediment
hreated per year.
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The net effect of capital cost on the final cost of remedi-
ation will depend upon the amount of material treated in the
system, which is, in turn, related to the amount of the sediment
in each pile, the length of the required composting period, and
the length of the time the facility operates. The first two of
these variables will be discussed in Subsection 4.2.2.

4.1.2 O&M cost estimate.

4.1.2.1 Methodology and assumptions. Estimates of
potential operations and maintenance (O&M) costs were developed
based upon the conceptual layouts presented in Section 3. The
following presents the basic procedure used in developing this
estimate.

The potential materials requirements ind materials handling
requirements were estimated from the process description in
Section 3. These were used to develop equipment (capital)
requirements presented above. For O&M costs, productivity rates
(e.g., quantities of materials handled per hour) and fuel con-
sumption rates were obtained from equipment vendor sources or
published data [16] and used to estimate total operational
hours and fuel for such activities as compost pile construction
(mixing, grinding, pile stacking), remixing, and dismantling.
As noted in Section 3.3.1.3, estimates of actual production
rates, based upon theoretical rates, were used. Manpower
requirements for these activities, including equipment
operators and laborers, were estimated. From these estimates,
annual operating costs associated with compost production were
estimated, using the unit costs presented in Table 4-4.

The total cost of raw materials (alfalfa, straw/manure,
wood chips) was estimated based upon quantities presented in
Section 3. Unit costs for these materials, presented in Table
4-2, were obtained from vendor sources or current agricultural
publications/periodicals in the Mid-Atlantic (Pennsylvania)
area. These values generally represent minimal prices in this
market for these materials, as of the spring of 1989.

Power costs for the compost aeration system were developed
by assuming that the blowers operate for, on average, 10
minutes of every hour the compost pad is in operation (based
upon municipal sludge composting experience) [141.

It was assumed that finished compost would be disposed of
onsite (both back in the former settling lagoons and as a soil
amendment or fill on plant property) so that no cost for
disposal (e.g., landfilling) is incurred. It should be
recognized that if offsite disposal (e.g., landfilling) after
treatment is required, the economic viability of this process
would be impaired, particularly since the total volume of
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TABLE 4-4. OPERATING AND MAINTENANCE UNIT COSTS

Labor

* Equipment Operators/Chemist $18/hour
* Laborers $12/hour
* Supervisor $20/hour

Electric $0.07/kwh
Diesel Fuel $1.10/gallon
Alfalfa $60/ton
Straw/Manure Mixture $ 3/cy
Wood Chips $10.75/cy
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material requiring offsite transportation and disposal will be
greater than the original volume of contaminated sediment. It
is therefore assumed that the finished compost product will be
delisted and used onsite.

In addition to costs directly associated with construction
and manipulation of the compost piles, additional site support
operating costs were estimated, including general operating
personnel (one operator/maintenance man per shift), laboratory
personnel (one chemist for facilities with onsite analytical
capability for 50 and 124-pad systems), and general facility
utilities (e.g., yard lighting).

The total labor requirement for each facility derived from
the above methodology is presented in Table 4-5.

Maintenance was estimated at three percent of total capital
cost. This cost for maintenance represents the scheduled
preventive maintenance on all equipment (i.e., oil change,
fluids check) and other routine activities (equipment painting,
servicing, calibration) required to maintain full scale
operation of the facility equipment. The remedial project
length assumed in these analyses was 5 years. The .iseful life
of the fixed facility would likely be significantly ionger than
5 years, but the cleanup time allotted for remediation will
likely be no longer than 5 years. Replacement of equipment
during the 5-year operating life is not considered. At the same
time, however, no salvage value was assumed for equipment at
project closeout. It might be noted that reuse of equipment at
other sites may be possible and that such reuse will result in
cost savings.

The annual operating and maintenance costs were projected
over the potential remedial period of 5 years. O&M costs over
this period were inflated at 5 percent per year. O&M costs were
converted to present worth assuming 8 percent annual interest,
and assuming 2 years for design and startup, followed by
5 years of operation.

As with the capital costs, operating and maintenance costs
are presented without contingency. The comments presented in
Subsection 4.1.1.3 concerning contingency apply.

4.1.2.2 Results. The estimated potential operating and
maintenance costs for the 12-pad, 50-pad, and 124-pad systems
described herein are presented in Tables 4-6, 4-7, and 4-8,
respectively. Annual first-year O&M costs for the 12-pad,
50-pad, and 124-pad systems were estimated at $600,000,
$1,764,000, and $3,992,000 with 5-year present worth values of
$2,608,000, $7,667,000, an] $17,351,000, respectively.
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TABLE 4-5. TOTAL LABOR REQUIREMENT FOR EXPLOSIVES
COMPOSTING FACILITY LABOR (MAN-YEARa)

12 pad 50 pad 124 pad
(3,600 tpy) (16,000 tpy) (40,000 tpy)

Equipment Operators 2 3 19

Chemist 0 b 1 1

Production Laborers 4 5 21

Supervisor 1 1 1

Site Support (Laborers) 4 4 4

aone man year - 2,000 hours.
bAnalysis contracted offsite for this case.
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TABLE 4-6. POTENTIAL OPERATIONS AND MAINTENANCE COSTS
FOR 12-PAD (3,600 TONS OF SEDIMENT PER YEAR)
SYSTEM

I. Constant Costs

A. Power for Blowers/Pumps (394,124 kwh/yr at
$0.07/kwh) $ 28,000

B. Site Support Laborers (4 laborers at $12/hr
for 2,080 hrs/yr) 100,000

II. Variable Costs

A. Lighting (39,946 kwh/yr at $0.07/kwh) 3,000
B. A.mendments (1,622 tons/yr at $50/ton) 81,000
C. Wood Chips ($955/pile for 44 piles/yr) 42,000
D. Power for Tub Grinder ($6.40/pile for

44 piles/yr) 1,000
E. Diesel Fuel (26,228 gal/yr at $1.10/gal) 29,000
F. Production Labor (Compost Mixing/

Pile Construction, See Table 4-5) 216,000
G. Analytical Labor (Offsite sample analysis)* 10,000
H. Maintenance at 3% of Total Capital 90,000

Total Annual O&M $600,000

*For the 12-pad case the offsite analytical cost of $225 per
sample for HPLC analysis [17) results in a lower annual cost
than does the cost for a full chemist's salary ($37,000 per
annum) and the HPLC equipment ($55,000). Therefore, for this
case the offsite analysis was selected.
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TABLE 4-7. POTENTIAL OPERATIONS AND MAINTENANCE COSTS
FOR 50-PAD (16,000 TONS OF SEDIMENT PER YEAR)
SYSTEM

I. Constant Costs

A. Power for Blowers/Pumps (1,602,624 kwh/yr
at $0.07/kwh) $ 112,000

B. Site Support Laborers (4 laborers at $12/hr
for 2,080 hrs/yr) 100,000

iI. Variable Costs

A. Lighting (95,396 kwh/yr at $0.07/kwh) 7,000
B. Amendments(7,226 tons/yr at $50/ton) 361.000
C. Wood Chips ($955/pile for 196 piles/yr) 187,000
D. Power for Tub Grinder ($6.40/pile tor 196

piles/yr) 1,000
E. Diesel Fuel (116,716 gal/yr at $1.10/gal) 128,000
F. Production Labor (Compost Mixing/

Pile Construction see Table 4-5) 591,000
G. Analytical Labor (Chemist)* 37,000
H. Maintenance at 3% of Total Capital 24_,QO_

Total Annual O&M $1,764,000

*For the 50-pad case the onsite analysis cost for a full-time
chemist and analytical equipment is approximately equal to the
offsite cost. Therefore, for convenience purposes of having
the laboratory onsite this option was chosen.
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TABLE 4-8. POTENTIAL OPERATIONS AND MAINTENANCE COSTS
FOR 124-PAD (40,000 TONS OF SEDIMENT PER YEAR)
SYSTEM

I. Constant Costs

* A. Power for Blowers/Pumps (3,995,674 kwh/yr at
$0.07/kwh) 280,000

B. Site Support Laborers (4 laborers at $12/hr
for 2,080 hrs/yr) 100,000

II. Variable Costs

A. Lighting (176,602 kwh/yr at $0.07/kwh) 12,000
B. Amendments(17,990 tons/yr at $50/ton) 900,000

4 C. Wood Chips ($955/pile for 488 pile/yr) 466,000
D. Power for Tub Grinder ($6.4/pile)(488

piles/yr) 3,000
E. Diesel Fuel (290,634 gal/yr at $1.1/gal) 320,000
F. Production Labor (Compost Mixing/

Pile Construction see Table 4-5) 1,340,000
G. Analytical Labor (Chemist)* 37,000
H. Maintenance at 3% of Total Capital 534,000

Total Annual O&M $3,992,000

*For the 124-pad case the onsite analysis costs for a full-time
chemist and analytical equipment is less than the cost of
offsite analysis.

Li 1101R2



4.1.3 Total project cost. The total project cost for the
12-pad, 50-pad, and 124-pad facilities, including construc-
tion, operation for 5 years and closeout, are estimated at
$6,067,000, $17,221,000, and $38,598,000 *as shown in Tables
4-9, 4-10, and 4-11, respectively. If operated for 5 years the
total mass of contaminated sediment treated (at 10 percent
sediment by volume) would be approximately 18,000 tons, 80,000
tons, and 200,000 tons for the 12-pad, 50-pad, and 124-pad
systems with net costs per ton of sediment treated of $337,
$215, and $1.93, respectively.

The net cost for any given remedial project of fixed size
would depend to a significant extent upon the total quantity of
sediment requiring treatment, particularly since a significant
initial (capital) costs investment is required. The basic
system. described herein was developed essentially in modular
fashion so that a variable number of compost pads could,
theoretically, be constructed to help match throughput :apacity
with site-specific needs. Factors likely to affect throughput
capacity and, therefore, total project cost are considered in
the next subsection.

Cost curves were developed for the capital costs, operations
and maintenance (O&M) costs, and total project costs from the
cost analysis performed on the 12-pad, 50-pad, and 124-pad
facilities (Figure 4-1). These curves represent the estimated
costs in thousands of dollars as a function of system through-
put in tons treated over a 5-year operating life. It must be
noted that these curves were developed for use when comparing
alternative treatment methods to composting. An estimated cost
could be obtained from the curves for comparison. However, for
a more accurate cost comparison the facility should be analyzed
by a detailed method.

Although the total cost of the treatment facility naturally
increases with the size of the facility, the net unit cost (per
ton of sediment treated) decreases with increasing system size,
as demonstrated in Tables 4.-9, 4-10, and 4-11. This effect is
illustrated in Figure 4-2 in terms of capital, O&M, and total
cost components for the three conceptual treatment systems
developed herein. Thus, some economy in net processing cost
should be achieved in larger facilities so long as, of course
the quantity of sediment requiring treatment is sufficiently
large to make effective use of the larger facility through the
permissible remedial period. For remediation of any given
quantity of contaminated sediment, the optimal economic
approach would be based upon minimizing total project cost,
consistent with the length of the remediation period.

As presently developed, and illustrated in Figure 4-1, the cost
components for the compost facility increase in essentially
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TABLE 4-9. TOTAL PROJECT COST FOR 12-PAD (3,600 TONS
OF SEDIMENT PER YEAR) SYSTEM

I. Capital Costs

Equipment $ 744,000
Equipment Installation Labor 43,000
Piping 403,000
Electrical 212,000
Concrete 731,000
Buildings 136,000
Site Work 543,000

Subtotal Capital $ 2,812,000
7% Contractor's Markup 197,000

Total Capital $ 3,009,000
Design at 5% Total Capital 150,000
Site Closure 300.000

Total Capital Cost Estimate $ 3,459,000

II. Operations and Maintenance (O&M)

A. Constant Costs

1. Power for Blowers/Pumps $ 28,000

2. Operator's Labor 100,000

B. Variable Costs

1. Lighting 3,000
2. Amendments 81,000
3. Wood Chips 42,000
4. Power for Tub Grinder 1,000
5. Diesel Fuel 29,000
6. Production Labor (Compost

Mixing/Pile Construction) 216,000
7. Analytical Labor (Offsite Sample

Analysis) 10,000
8. Maintenance at 3% of

Total Capital 90. 000

Total Annual O&M $ 600,000

5 Year Present Worth O&M $ 2,608,000

Total 5 Year Project Cost $ 6,067,000

5 Year Tons of Sediment Treated 18,000

Cost Per Ton of Sediment $ 337
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TABLE 4-10. TOTAL PROJECT COST FOR 50-PAD (16,000 TONS
OF SEDIMENT PER YEAR) SYSTEM

I. Capital Costs

Equipment $ 1,635,000
Equipment Installation Labor 134,000
Piping 574,000
Electrical 632,000
Concrete 2,649,000
Buildings 533,000
Site Work 1,308,000

Subtotal Capital $ 7,465,000
7% Contractor's Markup 523,000

Total Capital $ 7,988,000
Design at 5% Total Capital 399,000
Site Closure 1,167,000

Total Capital Cost Estimate $ 9,554,000

II. Operations and Maintenance (O&M)

A. Constant Costs

1. Power for Blowers/Pumps $ 112,000
* 2. Operator's Labor 100,000

*z B. Variable Costs

1. Lighting 7,000
2. Amendments 361,000
3. Wood Chips 187,000
4. Power for Tub Grinder 1,000
5. Diesel Fuel 128,000
6. Production Labor (Compost

Mixing/Pile Construction) 591,000
7. Analytical Labor (Chemist) 37,000
8. Maintenance at 3% of

Total Capital 240,000

Total Annual O&M $ 1,764,000

5 Year Present Worth O&M $ 7,667,000

Total 5 Year Project Cost $17,221,000

5 Year Tons of Sediment Treated 80,000

Cost Per Ton of Sediment $ 215
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TABLE 4-11. TOTAL PROJECT COST FOR 124-PAD (40,000 TONS
OF SEDIMENT PER YEAR) SYSTEM

I. Capital Costs

Equipment $ 3,299,000
Equipment Installation Labor 295,000
Piping 1,252,000
Electrical 1,467,000

SConcrete 6,240,000
Buildings 1,306,000
Site Work 2,789,000

Subtotal Capital $ 16,648,000
7% Contractor's Markup 2,543.000

Total Capital $ 17,813,000
Design at 5% Total Capital 891,000
Site Closure 2,543,000

Total Capital Cost Estimate $ 21,247,000{ II. Operations and Maintenance (O&M)

A. Constant Costs

1. Power for Blowers/Pumps $ 280,000
2. Operator's Labor 100,000

B. Variable Costs

1. Lighting 12,000
2. Amendments 900,000
3. Wood Chips 466,000
4. Power for Tub Grinder 3,000
5. Diesel Fuel 320,000
6. Production Labor (Compost

Mixing/Pile Construction) 1,340,000
7. Analytical Labor (Chemist) 37,000
8. Maintenance at 3% of

Total Capital 534.000

Total Annual O&M $ 3,992,000

5 Year Present Worth O&1M $ 17,351,000

Total 5 Year Project Cost $ 38,598,000

5 Year Tons of Sediment Treated $ 200,000

Cost Per Ton of Sediment $ 193
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linear fashion with increasing system size. The apparent rate
of cost increase indicates that, for example, doubling system
size does not result in a doubling of cost, and as illustrated
in Figure 4-2, economy in the net processing cost is achieved.
It might also be expected that, with further refinement of
process parameters and economic information, relative economy
of scale in direct costs will also be observed, resulting in a
nonlinear (decreasing) rate of increase in total cost with
project size.

4.2 Sensitivity considerations. For any given remedial
project, the minimum economic approach would likely depend upon
both minimizing the capital and O&M costs themselves and
maximizing the total quantity of materials treated for those
investments. The key to the first of these would be to build
and operate in the least expensive manner consistent with
performance criteria and regulatory requirements. The key to
the second is to maximize throughput of whatever system is
built. These issues are addressed in the following subsections.
For the sake of simplicity, the effect of various assumptions
and parameters on process economics is presented using the
intermediate size (50 pad) facility as the illustrative example.

4.2.1 Minimal capital investment. The conceptual composting
system as presented herein is intended to approximate a rela-
tively minimal capital investment system (under the stated
assumptions with respect to process parameters and regulatory
requirements), and as such represents the results of several
rounds of refinements. The minimal capital investment system is
partly driven by the short remedial period (as compared to the
potential useful operating life of the facility) and the
minimal salvage potential obtained from the equipment. However,
this system will require additional operator attention and may
raise issues from a regulatory standpoint (see Subsection 2.3).
Other site-specific physical or climatological conditions may
favor or require more capital features for the composting
system. Therefore, several additional capital items that may be
considered on a case-by-case basis are discussed here.

Capital items that may be considered on a case-by-base
basis include the following:

0 Fixed structures over the compost pad area may be
considered to provide control of runon and runoff in
lieu of the tarpaulin system. A wide range of options
exists which could warrant further investigation,
including the following: 1) tent type structures,
which require minimal foundation and can possibly be
reused at other sites facilities; 2) greenhouse type
structures, which may provide additional heat for the
compost piles; and (3) pre-engineered (metal)
buildings.
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Both individual buildings over each pad and a shed
roof over the entire composting area may be con-
sidererd. Inclusion of these structures would involve
not only the cost of the buildings themselves, but
also the cost of -ilding foundations. As presently
envisioned, a tarp system would be devised to provide
runoff control. Since the composting process itself is
basically water consumptive, it may be feasible to

- Leliminate covers altogether in dry regions. The site-
specific approach to water management would be based
upon a water balance for the specific meteorological
conditions pertinent to the site.

Conveyor systems may be considered for materials
handling, particularly within the actual composting
area. Once again, several possible arrangements may be
considered, including conveyors transporting the
compost mixtures to each pad automatically. The cost,
complexity, and maintenance requirements of such
systems would be weighted against their potential for
increasing system throughput and decreasing operating
labor. The system used in this analysis utilized heavy
equipment and manual labor for materials handling.

Site support structures for personnel (in lieu of
rental trailers), and structures to house mixing
equipment may be considered. Such structures would
likely take the form of pre-engineered buildings,
although tent-type structures may be useful for
protection from precipitation. Housing of the mixing
equipment may be advantageous to improve runoff
control and control noise or dust. For example, inhigh rainfall areas a fixed structure enclosing the

compost mixer would prevent rainwater from entering
the mixer. In the present analysis, a trailer is used
for site support facilities and tarps are used to
cover the mixing equipment.

The compost pad aeration system has been simplified inthis analysis. In a preliminary layout, each pad had
six small blowers and a more complex air distribution
network with fixed (PVC) aeration piping. In the
revised layout, a single blower with ductwork is
assumed, with a less extensive distribution network
(less trenching), using flexible tubing for air
distribution. It must be recognized that selection of
the air distribution system represents a compromise
between cost and complexity on the one hand and the
requisite degree of homogenity and process control on
the other.
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The preliminary capital cost for a 50-pad site with no
contingency incorporating the more extensive capital facilities
noted above ranged as high as $12,893,000. Thus, the net
capital cost reduction attributable to the above-rated changes
was approximately 26 percent, to the present estimate of
$9,554,000. It should be recognized that the possible need (if
any) for capital items should be evaluated on a case-by-case
basis.

Several other system variations or modifications were also
considered for their potential cost savings. However, these
were, for reasons provided below, not incorporated into the
system discussed herein. These variations included the
following:

Elimination of the RCRA liner under the compost area.
Although cost savings could be achieved, this RCRA
liner has been retained at present since the compost
pile may be classified as a waste pile (Subsection
2.3).

* Elimination of wooden walls (bins) between compost
pads. The capital savings associate-d with this step-
were estimated to be relatively small. While the
wooden bins may, to some extent, complicate remixing
of the pile, they may also contribute to controlling
airflow and maintaining homogenity. In addition, the
bins allow for the construction of a larger compost
pad, since in their absqrce the pile configuration
would be trapezoidal in c .. ss section.

Elimination of aeration trenches under the compost
pads. In this approach, flexible aeration tubing would
be placed in the compost pile itself. This is common
practice in municipal sludge composting. Elimination
of trenches would result in significant capital cost
savings in terms of concrete formwork and trench
frames and covers. It should be noted, however, that
when used in this fashion in municipal composting
plants, flexible tubing is essentially a disposable
item since it is generally damaged in dismantling the
pile. While its low unit cost may still make it
attractive, particularly for short-term projects,
disposal of the used tubing may pose a problem. This
tubing may be considered a RCRA hazardous waste unless
it can be decontaminated. While there is apparently
some interest in recycling the tubing used at muni-
cipal waste compost facilities, decontamination of the
tubing would be required, at a cost to the facility.
Otherwise, alternative disposal may be necessary
(e.g., commercial RCRA or sanitary landfilling).
Because of the uncertainty associated with disposal of
the tubing, this option has not been included in the
final facility cost estimate.
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4.2.2 Sediment ratio and amendment mixture. The compost
process is, to a significant extent, a materials handling
operation, and costs are determined in part by the total volume
of material to be handled. For this reason, one obvious key to
optimizing economics would involve maximizing the proportion of
contaminated sediment present in the compost mixture.

The most recent field demonstration studies have been
conducted at a volumetric sediment ratio of 3 percent. Based
upon available literature, the base case analysis presented in
this study has assumed a 10 percent volumetric mixture.

In this section, the potential economics of composting at
significantly higher sediment ratios is considered. The
technical viability of the process under such conditions will
require verification.

In this analysis, the volumetric sediment fraction iii the
standard pile was varied from 3 percent to 40 percent. The
remaining volume of the pile was made up of the "standard"
amendment mixture containing 48 percent alfalfa and 52 percent
straw/manure by volume. By calculation, this range of variation
would alter the density of the resulting compost mixture from
approximately 180 lb/cy (at 3 percent) to 990 lb/cy (at 40
percent). Therefore, the density at 40 percent sediment is
roughly comparable to the density of sewage sludge compost.
Furthermore, the LAAP field demonstration indicated that
comoost piles containing as much as 39 percent contaminated
sediment by volume may be able to achieve near-thermophilic
temperatures (48 to 51*C) although their ability to maintain
such temperatures is uncertain.

Only the relative proportions of sediment and amendment
mixture were altered. The standard woodchip base was used for
all piles. It is assumed, for simplicity, that the bulk of the
capital costs were relatively unaffected by alteration in
sediment fraction over this range, as long as the total number
of compost pads and volumes of each pile were unchanged. It
should be noted that, at some sufficiently large change in
composition, resizing of various materials storage and handling
facilities would be necessary. The resulting pile composition
is tabulated in Table 4-12.

It is also assumed that many op~erating costs, other than
raw materials, weie essentially unaffected by changes over this
range. It is likely that, at some sufficiently large change in
compost composition, the aeration operating cycle and remixing
requirements may possibly change (see Section 3). As compost
mixture density increases, blower power requirements for
achieving a given airflow rate through the mixture may increase.
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At the same time, however, the increasing soil fraction may
result in a lower total temperature rise and correspondingly
lower required airflow for heat removal. There is not, at
present, sufficient information on these variables to support
detailed analysis. It should, however be noted that the maximum
density used in these analyses (990 lb/cy at 40 percent
sediment) was equal to or less than that of municipal sludge
compost. Therefore, the use of municipal sludge operating
parameters should not be a gross underestimation of power cost
for aeration.

Finally, it is assumed that process kinetics were
essentially unchanged by variation in sediment fraction over
this range. This is a significant assumption and subject to
verification. It is important to recognize that, frcm the stand-
point of economics, the net throughput of the system per unit
time is a function of both sediment fraction in the rwixture
andth) rate of degradation, and that if a large increase in
sediment fraction can be achieved without a proportionally
large decrease in kinetics, overall throughput can be increased.
For all previously discussed analyses the compost period was
assumed to be that of TNT (90 days). Further consideration of
effects of variable kinetics on the cost per ton of sediment
are presented in Sub3ection 4.2.3.

The results of this analysis for various sediment fractions
and TNT kinetics are shown in Table 4-13. Two eff fts on net
cost per ton of sediment are immediately apparent. First,
decreasing the amount of amendment in the mixture (see also
Table 4-12) results in a savings in annual raw materials costs
and thus in total operating costs. More significantly, the
sediment throughput rate of the system inc-reases dramatically,
,nd net cost per ton of sediment is concommitantly reduced.

It should also be noted that the above evaluation is based
upon estimates of minimum current prices for specific amendment
materials previously used in the field demonstratio,. It has
not been definitely established that these are the only suitable
amendment materials. Furthermore, their prices may be subject
to fluctuation. Other potentially useful amendment materials
should be identified and evaluated.

4.2.3 Process kinetics/compost period. In this subsection
the potential effects of altering the length of the required
corrmost period on net costs of the process are considered.
While one obvious factor which would result in such a change
would be a change (hopefully, an increase) in process kinetics
as a result of some alteration in process parameters, two other
factors, both related to as yet undefined performance or
regulatory criteria, may result in such a caiange. The first of
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these would be the determination that, in a given situation,
the less amenable contaminants, such as HMX, would not be
present at levels requiring treatment. While the base case
analyses assumed that the compost period is dictated by TNT
kinetics (90 days for 99.5 percent removal), the lowest
degradation rate of the four contaminants studied (HMX) is
presented in this analysis for comparison (see Tables 4-14 and
4-15).

The second potential change in performance criteria would
be the determination that, in a given situation, a lower
percentage conversion would be required, either because initial
concentrations, were lower or because permissible residual
concentrations were higher. The analyses presented thus far
have been based upon an assumed requirement for approximately
99.5 percent conversion of TNT.

For this sensitivity analysis, it is assumed that, for each
constructed compost pad, a change in the required compost period
would result in a change in the number of piles processed per
year. For example, a decrease in the period from 90 days to
60 days would translate roughly into an increase from four to
six piles of completed compost per pad per year (with some
allowance for the extra time required for pile construction/
dismantling). It is also assumed that such a change would result
in an essentially similar total number of compost pad operating
days per year, (four piles at 90 days each, being approximately
equal to six piles at 60 days each) and that the cost per day
of operating each pad containing a compost pile would be
constant.

Therefore, in this analysis, costs associated with compost
pile construction and dismantling were developed on a cost per
pile basis. These included such items as amendment (raw mate-
rials) costs and expense (including labor) associated with
materials handling. It should be recognized that, as the number
of piles constructed per year increases, some increase is
required in equipment, thus altering capital cost slightly.
This factor has been considered by estimating the total number
of equipment operating hours per year for each scenario and
using estimated equipment productivity rates to determine the
number of equipment pieces. Likewise, utilities (fuel, electric)
associated with pile construction were estimated on a per pile
basis.

Operating costs associated with pile operation (e.g., power
for blowers) were assumed approximately equal for a constant
number of pad-operating days per year (see above). Likewise,
site support operating costs for a constant number of operating
days per year were fixed. Analytical costs varied with the
number of piles requiring testing per year.

4-27
1101R2



00000C0C 2 21q== ~0 0¶ 0Dco0 00 000 00 0 0 0Z 0 CD m m = %

ICA- . v. mU I V Ln %00 0=0 -: qm U -C-V 0 0' =

DO~~I %01  
- - 0

toq T C Z4mC zC mC COO -000q=40 ý0 0 00 00)000 C)0 0D 0mC D D C 0 m
m p10- I0D 0 0 00 0 0 DC )c ,C c mC 3I D0 0000000m0c0 0 0) 0D r

-u-) 0p: 1 :ý c -1 1- c:- 1 l

CL rlvvI ONm 1 n OP., 0 0 0 0 0-0, v. C; m; r-4 a
In- momDOU 0f. V m- wD D

Cý a, 1*74 1*o *414444

qVfl vr n -00Z Z 0Z C Ct=O 0CDco 00m 00m00000 0C 0 cm 0 0 4=
cr 0,= ý, 000000C= 00=010ictD0140 00 000000 =o 0 0 ~ ; f 0 m1

Lm %o ;; .1 :: 2j 'o ccN ý.' v 1 prI ? c

L'I
_j L C= n CD1=* C 14DIC)44 t==1=C) 45 *4 c5 NnC 5c 3 = cc D C o c

..CL. enOO el 0 0 00 0 0 el' 000v 0n 0, 0c 0ur v0lo

co 0'0-. 000000=CZA=Co1m00009 = 010OCD 000 00 0 0=C mt 4 D 0 = 0l
-ý D CZ 00 00 <Z0 00 c00 0 0 0 0= 0 0C)

(L- &n r"Vr r- v0 W-~ -;C 45 P l l t0 r -. N0'p le- -, P0 e4

E 1*1 '0D1 M ma"r'n Z 0'2o --l In- In P_ "

Q-L - N , jO% I 7
44 *444 *4 Ot,4**4 *

cz

4V N ' 040 Ovt.- 7

LU~1 4 '1- i

m4 *4 *4 *o a4*4

- LA o u1

co a 0.- c

toa I" n11w, L I-
m CD *4

CL u 7Aam 4 c' M ; T cDCt.cvt

I.- wD 1. C I I

. . . . . C .. .- .

4b -J10I 0 c w . IW inO %.D D Uý GO- .
U4 a- Go .0 DCDD.. L. C

CUD 1 -04 mr
0. L 0 C~ J u w IAJ M WCa 0 42 o

epL0C .O .- D 6A 0
c- .- CDc

W~D D Z C .1 0 2liii aI DC C4-28C



v L000000 0 000 0CI9= xO0 0D0000C) 0 C0WO C 0 0

:ýfl A~ 0e m r, ~ =J' Nm v~'~ m4 10 - -
- '0'.U %0 -- rNll .~ '. U,

'. N &N(.40M~- -V - o m

VI. :; vI. 440 44ý 401 44*

z Dwo 00-. =o=o= = m Ci= OO =CO 00 000000 40 0 0 0 -z
0l CC)) a 7 000000=00000 0 =0 00 0 00D 0 0 = '

0. co 17 NO V~rJ0 I 0 CS 0n 0 7%4

04 NN co % c c

CL)

IT 0 a) 0 0000 C0 000 00 040 0o 0 0ý 0D c

0 oO 00 0 0 00 0 4 00 000 00 0 1= 0 0l al

1;4C r V 7 l; 1_-. to, (~- NO -- -N0 - - 0 0o '0 0D

v- Nn V-Io' _ n %N0 0)
W. U j -- ILn -0 rn N - -

I-, P, 44 cc azC;

L.J td.

z C m0 =0000C 0 000 00 000 00 0= 0 0 c,-
LrJ 0000000 CD 0 =0 0 00 000 00 =1O 0 0 0 N

n.1- toN0.). aU v0 NO CD -- 1---0O1P. Cv . - 0

ot. VI 4^ #A

-o 00'.a'.0 000000 =l004000C 0 0 0000000 CA0M 0 0 0 0
-x 00o - oý=O=====o oo 0. 0 000000 0 ==0 1 0 m 0 U

- o m'. m0 00 O 000 000 00 0 01 0 0I=
0r ~ ~ C m~0r M r..f-

4
'N -- 'P-- .U, 0

m% 4'. 1- ' r .0 fn0' U~4

-: 0' In. .

44 14 1*11 too VI.4

z

4..))..)

c - 0 . . C w

mN 1 W 1 44

C. 0 44 ,j - u U4-- 4 - L I

u- m £'. .' 4-
6 0l . 6A w 1 = 0 to4 -, I4

L. .5 c CL L- u m cC a
0i 0 0 4N

v, 40 cm 4 40 a~ 00. L L

C ~ ~ 'I v U44,1 04 *- 44 . .L <c b
'a PC 0. .1 .. 07 0. -LM U

-J C :: 24 MC 4. m. '.
m- 4 44L)4 M4 ~ 4C J Cl w. '-ý w CLc ' -

4 i -mI I C) m c Cl L.J I 00 . %C c

4-> 44 1--- I. 00 .0. ., 0C4 4 44 4 4 0 1.
40 M >m!3 ý cuf in4-~ f. .C 0 4 0 1-O 4n I.- W0 4

IL 1. 10 C oJ uN4 .6 C O- e-L0~U
- 444 441 -ýM m4) ,IC 14. ... ) 3 .0 ~ 1 .

0 . C L z.. CL. 4 44.- ý 1...'40 C% 44 - 4 v
Cq 0C 14 1 ~ 4 0 00 Cr Ij a; 0 =Cl D~ 44 C

u. 4 ul u0. u.cc 4.0 0 1.) - 4
4M4 4A a.-UU..4~N 4- 4 4
.10 cz . ~ ~ . C- l.t.l4 l l 4

44 4- 4 0. 0~- ~ 04104-29



The results of this analy:is for composting periods varying
from 10 to 180 days are presecited in Tables 4-14 and 4-15, for
compost mixture sediment f:actions of 7 and 10 percent
respectively. The 180-day composting period corresponds to
roughly 99.5 percent removil of HMX under the kinetics
determined from the LAAP Pil~t Study, while a 90-day compost
period corresponds to slight•I less than 99.5 percent removal
of TNT (in actuality, 99.46 ;ercent removal). Two effects are
immediately apparent. First, and predictably, pile production
expense increases significantly as the processing rate (piles
per year) increases.
Secondly, however, the mass th1roughput of the system increases
dramatically, making more efficient use. of fixed costs (includ-
ing capital) and resulting in a net decrease in cost per ton of
sediment treated.

4.2.4 Summary of sensi-ivity analyses. The conceptual
analyses presented in this section indicate that in light of
the significant fixed costs issociated with development of a
composting system, the prima¥y factor in achieving economical
operation is increasing the :otal sediment throughput of the
system. Potential mechanism: for achieving such increases
include the following:

* Increasing the opert ing life of the facility (which
may be limited b:- regulatory constraints for a
remedial operation). Typically the governing agency
desires the most rapid cleanup period pcactically
available. It should, however, be recognized that the
constructed facility could have a useful operating
life (in terms of Ats durability) greatly exceeding
the assured 5 year :.3medial period. In this sense the
5 year operating li'e offers limited opportunity for
capital cost recover--. With a larger remedial period a
smaller fixed acil-ty could be used to process a
given quantity of se'iment, enhancing cost recovery.

0 Increasing the sedin-nt fraction in the pile (subject
to testing).

0 Decreasing the requ.red length of the compost period
(subject to testing and/or regulatory clarification).

It is important to recognize the potential inter-relation-
ships between operating variables in determining optimal
operating conditions.

4.3 Alternative compostinq systems. This section of the
report will present a mechanical composting system approach to
treat explosives-contaminated sediments. A discussion of con-
ventional sewage sludge composting processes was given in
Subsection 2.1 of this report. A brief description of typical
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windrow, aerated static pile, and mechanical (in vessel)
composting systems was presented in order to establish their
methods of operation. A recent survey of municipal solid waste
(MSW) composting systems vendors is presented- in Table 4-16
[18]. This table lists mechanical composting systems which are
currently available to manage sludge or MSW. Of the 24 systems
listed, 2 are static pile, 6 are windrow, and 15 are mechanical,
with one equipment vendor. The operating parameters indicated
in Table 4-16 are those recommended for solid waste composting.
Treatment efficiencies for MSW under the stated conditions were
not identified. It should be noted that all of the mechanical
composting systems currently in use are followed by either
aerated static pile or windrow composting.

4.3.1 Mechanical composting system. In order to compare on
a preliminary basis the aerated static pile composting ,system
presented in this report to a possible mechanical composting
system, several vendors were contacted. Vendor response was
limited to systems that these vendors have built in the past.
One vendor, the Fairfield Service Co., provided limited cost
information. These costs were for the reactor vessel and
treatment of MSW compost.

Cost information provided by Fairfield was based upon
recent installations of their system for MSW composting. The
Fairfield system uses a circular tank in which composting is
conducted. Compost material is conveyed into the tank, where it
is mixed and agitated by a set of augurs suspended from a bridge
which travels around the vessel. When used for MSW composting
the digester has a detention time of 15 days, which is generally
followed by a curing period of approximately 30 days.

It should be recognized that the effectiveness of this (or
another) mechanical composter in treating explosives-contam-
inated wastes is unknown. The extent of explosives removals in
the nominai detention time of 14 days is unknown. At present it
would appear quite unlikely that complete removal would occur
in this period, and a subsequent treatment period might be
required. Alternatively, it may be possible to reconfigure the
reactor to provide a longer detention time (although for a
given reactor size, this would lower net throughput).

It should also be recognized that the costs provided by
Fairfield reflect only their experience in MSW composting.
Neither the particular requirements and parameters of explosives
composting, nor site specific factors with respect to installa-
tion and operation, can presently be evaluated. Lastly, the
Fairfield system is presently used for nonhazardous' wastes, and
its suitability for hazardous/explosives wastes has not been

-- determined. These constraints should be considered in evaluat-
ing costs presented below.
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7ABLE 4-16. MUNICIPAL SOLID WASTE (MSW) COMPOSTING FACILITIES

Reported Retention

Vendor Configuration Time

Agripost Static windrow (enclosed)

American Recovery In vessel
Corporation

Ashbrook-Simon- Tunnel reactor (in vessel) 10 days in vessel,
Hartley several weeks of curing

Bedminster Eweson digester
Bioconversion

Buhler-Miag Aerated windrows

California Rotating drum; aerated windrows 28 days in vessel,
Co-Composting 4-6 mo. curing
Systems, Inc.

Cholla Waste Proprietary
Management, Inc.

Compost Systems Options: 1) horizontal bin (Paygro)
Company 2) circular digester 14-21 days in vessel,

(Fairfield) 30 days curing
3) horizontal plug flow

(Dynatherm)

Daneco Aerated static pile, with positive
and negative pressure aeration

Ebara Round trip paddling fermentor 10 days in vessel,
(horizontal bin with paddles) 20 days curing

Ecological Windrow (uses inoculum)
Technologies, Inc.
(Ecotech)

Environmental Recovery Windrows 3-6 weeks
Systems, Inc.
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TABLE 4-16. MUNICIPAL SOLID WASTE (MSW) COMPOSTING FACILITIES (CONTINUED)

Reported Retention
Vendor Configuration Time

Estech Corp. Rotary drum digester, followed by 5 days in vessel
windrow curing

Fairfield Service Co. Circular agitated bed in vessel 14 days in vessel,
system (Fairfield digester), 30 days curing
followed by curing

Geotech Does not do actual composting -
sells equipment

Harbert-Triga Fermentation tower, followed by 7 days in tower
windrow curing

Lundell Testing two systems: 1) Windrow;
2) Enclosed upright silo (possibly 3-4 weeks in silo

with bacterial supplementation)

Organic Waste Dry anaerobic (fermentation) system 16-21 days in tower
Systems with biogas recovery

OTV Longitudinal silo with horizontal 10-15 days in silo
shaft paddle wheel to move compost 60 days curing
thru silo, and forced aeration system

Re.ccmp, Inc. Eweson digester 4-5 days in vessel
14-21 days curing

Riedel Waste Rotating drum 8-10 hours in drum
Disposal Systems 21 days in aerated

static piles

Royer Industries, Inc. 1nclosed dynamic composting system 21 days in vessel
with compost tuner, self regulating
air system, followed by curing

Trash Reduction Shredding 1 handling equipment only 21-42 days windrow,
Systems, Inc. then windrow, curing 30-42 days curing

WPF Corporation Completely enclosed (MSW) processing 17 days windrow
system MSW mixed with sludge, then 21 days piles
windrow or aerated pile 6 weeks curing

24 Companies
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Pretreatment costs were developed in this study for supply-
ing the unit estimated for a 14-day reactor retention time and
a 90-day (based on TNT kinetics) reactor retention time. The
following sections will present the capital and operations and
maintenance costs for this mechanical composting system was
performed and this analysis is for preliminary comparison only.

4.3.2 Costs and assumptions. To develop the costs for the
mechanical composting system the following assumptions were
used:

0 The Fairfield digester unit will be used to compost
the sediment/amendment mixture for this comparative
analysis. Costs for the reactor were obtained from the
vendors.

* A typical reactor throughput is 150 tons per day of
compost for a 116-foot diameter digester with a 14-day
retention time.

S.The compost mixture density is 1000 lb per yd 3

resulting in a volumetric throughput of 300 yd3 per
day.

0 No pad is necessary for all alfalfa and straw/manure
storage. These •aaterials will be staged on visqueen
(plastic sheeting).

0 No pad is necessary for sediment storage. The sediment
will be staged in the dump truck or on plastic
(visqueen sheeting).

0 The compost mixer will be staged on a 6-inch concrete
pad (40 feet by 40 feet).

* The compost mixer will operate for 8 hours per day
(one shift). The mixing step is provided to more
thoroughly mix the compost prior to en.tering the
digestor.

The amendment mixture is 48 percent alfalfa and 52
percent straw/manure.

The compost mixer must provide 300 yd 3 per day to the
digester.

In this analysis it is assumed that the compost will be
"prepared and mixed initially prior to entering the reactor
vessel. When employed for MSW composting, the Fairfield system
includes a shredding operation to reduce the material to a
coarse grind and a pulper to provide the final grind prior to
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entering the vessel. For explosives c:lmposting these steps have
been replaced with initial mixture preparation steps similar to
those used for the aerated static pil. previously presented. It
might be noted that if the in vessel agitator could provide
this function, capital cost could be ziduced.

4.4 Basuits

4.4.1 Effect of sediment fractioi• at nominal 14-day reten-
tion time.

Using these assumptions, capital -id 0 & M costs were devel-
oped for several sediment fractions. rhese costs are presented
in Table 4-17. Costs for any post-veszel treatment/curing stage
are not included. It can be seen that the capital costs as well
as the O&M costs for the reactor/trea-ment section of the plant
are independent of sediment fraction. The table also shows that
as the sediment fraction is increasec. the net cost per ton of
sediment treated decreases. A com:arison with Table 4-13
suggests that, at the present level c: knowledge the mechanical
system would be more expensive than aerated static pile com-
posting. The need for additional treatment would further
increase cost.

4.4.2 Retention time variation. To illustrate the effect
of varying retention time on the :eactor (mechanical) com-
posting system, a cost analysis was :ompleted for the reactor
system with a 90-day retention t:.me. This analysis was
performed by assuming that the reaztor could be configured
during construction and operated in i manner to provide a net
retention time of 90 days, should suc.: a period be necessary to
achieve adequate treatment. The o'.vious effect of such a
change would be to decrease the net t-roughput rate for a given
size reactor or, conversely, to increase the size and/or number
of reactors necessary to maintain a .:pecified system capacity.
Since limited cost data were availab>e for reactors of varying
sizes, these cases were not considered, and costs were
presented for producing compost from a single reactor of the
size noted previously.

This cost analysis is presented in Table 4-18. A comparison
between this table and Table 4-17 shows that the net cost per
ton cf sediment treated will significantly increase if a 90-day
in-vessel compost period is required.
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TABLE 4-17. MECHANICAL COMPOSTING WITH A 14-DAY RETENTION TIME

Sediment Fraction
10% 20% 40%

Capital

0 Material Prep/Pretreatment S 718,000 S 718.000 S 718,000
* Reactor/Treatment S2,674,000 $2,674,000 _2,674,00

Subtotal Capital $3,392,000 $3,392,000 S3,392,000

Operations & Maintenance (O&Q)

• Material Prep/Pretreatment $ 504,000 $ 482,000 $ 438,000
* Reactor/Treatment S 190,000 $ 190.000 $ 190,000

Subtotal O&M $ 694.000 $ 672,000 $ 628,000

5 Year Present Worth O&M $3,016,000 $2,921,000 $2,730,000

Total 5 Year Project Cost $6,408,000 $6,313,000 $6,122,000

Tons Treated in 5 Years 11,000 23,000 45.000

Cost Per Ton of Sediment $ 583 $ 274 $ 136
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TABLE 4-18. MECHANICAL COMPOSTING WITH A 90-DAY RETENTION TIME

Sediment Fraction
10% 20% 40%

Capital

* Material Prep/Pretreatment $ 718,000 $ 718,000 $ 718,000
• Reactor/Treatment S2,674,000 S2,674,000 $2,674,000

Subtotal $3,392,OOC $3,392,000 $3,392,000

Operations & Maintenance (O&M)

* Material Prep/Pretreatment $ 229,000 $ 226,000 $ 219,000
* Reactor/Treatment $ 1I,000 S 19C,000 S 190100Q

Subtotal O&M $ 419,000 $ 416,000 $ 409,000

5 Year Present Worth O&M $1,821,000 $1,808,000 $1,778,000

Total 5 Year Project Cost $5,213,000 $5,200,000 $5,170,000

Tons Treated in 5 Years 2,000 4,000 7,000

Cost Per Ton of Sediment $ 2,607 $ 1,300 $ 739
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5. CONCLUSIONS AND RECOMMENDATIONS

The objective of this study was to develop a system for the
implementation of composting as a remedial technology for
explosives-contaminated soils and sediments at various Army
Ammunition Plants (AAPs) and Army Depots (ADs). The task
included the development of conceptual design and operating
requirements for such facilities and the evaluation of potential
costs associated with their construction and operation. The
present state of process development is represented by recent
field demonstrations conducted by WESTON for USATHAMA under
previous task orders at Louisiana Army Ammunition Plant (for
TNT, RDX, and HMX) and Badger Army Ammunition Plant (for
nitrocellulose).

Although these previous USATHAMA field studies have
demonstrated the destruction of the explosives TNT, RDX, ard
HMX under composting conditions, this study indicates that
direct implementation of the process as used in these prelimi-
nary investigations may prove expensive. However, further
evaluation of several process design and operating paramete..s
may result i.n sianificant economic improvements. This report
has been prepared to present an appraisal of the potantial for
composting of explosives-contaminated sediments based upon
currently available information and to identify areas in which
further development is warranted.

Areas in which further investigation is warranted include
the following:

The possibility of significantly increasing sediment
ratio in the compost mixture should be examined. Such
an increase would result in some savings in raw
materials (amendment) costs, and, perhaps more impor-
tantly, make significantly more effective use of the
compost facility by significantly increasing the
throughput of the syrstem for minimal additional
investment. Although previous USATHAMA studies used a
sediment ratio of 3 percent (by volume), lite.:ature
indicates that values of 10 percent may be possible.
Furthermore, a preliminary test during the previous
field demonstration at LAAP indicated that self-
heating of the compost pile may be achievable at
volumetric sediment ratios of 36 percent (although
thermophilic conditions were not maintained). Calcu-
lations indicate that the bulk density of the compost
mixture at such ratios may approximate that of sludge
compost suggesting that its handling under composting
conditions should be feasible.
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The minimum required treatment (composting) period to
achieve adequate destruction of the target contaminants
should be evaluated. This determination is primarily
dependent upon regulatory requirements either in terms
of required destruction efficiencies or permissible
residual explosives concentrations. At present process
and economic evaluations can only be made for various
assumed destruction efficiencies, as no information is
available on possible or acceptable residual concen-
trations.

* The process effects and economics of various amendments
should be evaluated. As indicated in this study, amend-
ment addition constitutes a significant fraction of
the total processing costs, even assuming minimal pub-
lished prices for the amendments evaluated to dace.
Minimal cost materials, which provide adequate carbon
and nutrient levels, should be tested. Optimally, a
range of such materials should be identified to allow
for geographic-specific availability and for price
fluctuations.. Candidate materials may include various
plant materials and nonhazardous organic wastes.

Compost mixture mixing requirements should be consid-
ered, as this parameter likely affects process control
and stability as well as capital mixing (equipment)
and operating (labor) costs. Requirements for the
initial preparation of the compost mixture from the
sediments and amendments, with respect to such factors
as mixing time, mixing energy, and final particle size
should be determined so that performance specifica-
tions for mixing equipment can be developed. In
addition, the necessary frequency and extent of remix-
ing, during the compost period, should be identified,
as this factor will fundamentally affect management of
the pile. Minimal remixing requirements, as assumed in
this study, may be accomplished by manual remixing of
the pile. Increasing the required frequency- may, at
some point warrant consideration of mechanical mixing
devices, with the extreme case of essentially
continuous mixing being represented by certain
in-vessel composting systems.

Additional definition of facility construction require-
ments, particularly as determined by CERCLA/RCRA
provisions, should be sought as these requirements will
affect both capital and operating cost. Of particular
note is the level of expense and effort associated with
leachate generation and runoff control. The use of
fixed structures covering the compost area entails sub-
stantial capital investment. While the use of temporary
covers (e.g. tarpaulins) reduces this expense signifi-
cantly, it complicates the management of the pile,
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particularly with respect to remixing and moisture
addition. It should also be noted that the extent of
runoff management, as well as a variety of other
construction and operating requirements, will be
significantly affected by the specific geographic
location in which the process is used.

In addition to the primary issues discussed above, which may
fundamentally affect the design, implementation, and economics
of this technology, there are a variety of process-related
parameters that should be determined to optimize the process
configuration. While these parameters could be investigated
during any additional preliminary field studies, useful informa-
tion can also be obtained during the early operating stages of
an actual facility so long as the design of that facility is
sufficiently conservative to cover the least favorable predicted
ranges for such parameters. Examples of such parameters include:

0 Required airflow rates (and resulting aeration system
requirements), inclUding, as necessary, the effect of
various sediment ratios and resulting bulk densities.

0 Moisture addition requirements, as they determine both
management of runoff and the requirement for makeup
water.

* Disposal of the treated compost mixture was assumed to
be land application at no cost to the facility. As the
development of this technology advances, the classi-
fication of the treated material must be confirmed;
RCRA delisting may be required and should be initiated
early in the process development.

* The identification of materials handling/mixing equip-
ment for the conceptual system in this study did not
evaluate or identify the range of equipment available
and potentially applicable. Equipment was identified
from the LAAP pilot study and preliminary discussions
with vendors. No attempt was made to identify the
optimal or most efficient equipment. Some field
testing of possible equipment should be considered to
confirm expected performance of these units.

The analysis presented in this investigation represents an
assessment of the potential applicability of composting for
treatment of explosives-contaminated sediments. Additional
definition of the issues and factors noted above will contribute
to verification of this potential.
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APPENDIX A

INFORMATION REQUIREMENTS FOR RCRA PART B APPLICATION
FOR SUBPART L (WASTE PILES)

SUBJECT REOUIREMENT: 40 CFR Section Nos.

1. LINER ENGINEERING REPORT

1.1 Liner description: 270.18(c)(1), 264.251(a)(l)(1).
Describe the type of liner, its material, USCS-type data for
soil liners, the liner's thickness and, for synthetics, the
manufacturer and the product's name.

1.2 Liner location relative to high water table: 270.18(c)
(1), 264.251(a)(1)(1). Provide data showing seasonal fluctu-
ations in the depth to the water table and the location of the
seasonal high water table in relation to the liner system.

1.3 Calculation of reguired soil liner thickness: 270.18
(c)(1), 264.251(a)(1)(1). For unit utilizing a primary soil
liner, demonstrate that the thickness of the soil liner is
sufficient to retard liquid flow through it such that leachate
would be wholly contained throughout the active life of the
unit. Calculations using either numerical simulation techniques
(unsaturated flow conditions) or D'arcy Law-derived transit
time equations (saturated flow conditions) must be provided.

1.4 Liner strength reguirements: 270.18(c)(1), 264.251(a)
(1)(1). Provide the results of calculation defining the minimum
strength requirement for liners considering:

* Internal and external pressure gradients.

Stresses resulting from settlement, compression, or
uplift.

"0 Climatic conditions (freeze-thaw stress).

a Installation stresses.

* Operating stresses.

1.5 Liner strength demonstration: 270.18(c)(1), 264.251(a)
(1)(1). Provide data showing that the liner exceeds the
calculated minimum strength requirement.

Liner/Waste Compatibility Testing Results: 270.18(c)(1),
264.251(a)(1)(1).

Provide the results of liner/waste compatibility testing
demonstrating that liner strength and performance are still
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adequate after exposure to waste leachates. Both primary and
secondary leachates must be used in this testing.

1.6 Liner installation: 270.18(c)(1), 264.251(a)(1)(1).
Describe the procedures for installing the liner(s).

1.6,1 Synthetic liner seaming: 270.18(c)(1),
264.251(a)(1)(1). Describe the techniques to be utilized to
bond membrane liner seams and the strength and chemical
compatibility of the seams.

SUBJECT REQUIREMENT: 40 CFR Section Nos.

1.6.2 Soil liner compaction: 270.18(c)(l), 264.251
(a)(l)(1). Describe the procedures for installing the soil
liner and compacting the liner to achieve the desired permea-
bility. Include the maximum height of lifts to be placed.

1.6.3 Installation inspection/testing programs:
270.18(c)(1), 264.254(a). Describe the inspection, monitoring,
sampling, and testing methods (and frequencies) to be employed
during liner installation to assure that the liner system as
installed meets the design requirements.

1.7 Liner coverage: 270.18(c)(1), 264.251(a)(i)(iii).
Demonstrate that the liner will be installed to cover all
surrounding earth likely to be in contact with the waste or
leachate.

1.8 Liner exposure prevention: 270.18(c)(1), 264.251(a)
(1)(1). Demonstrate that the liner will not be exposed to wind
or sunlight or, if exposure is to be permitted, that such
exposure will'not result in unacceptable liner degradation.

1.9 Synthetic liner bedding: 270.18(c)(1), 264.251(a)
(1)(i). Demonstrate that sufficient bedding will be provided
above and below the liner to prevent rupture during
installation and operation.
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7 2. LINER FOUNDATION DESIGN DESCRIPTION: 270.18(c)(1),
264.251(a)(1)(11). Describe the liner foundation design and
materials of construction. Describe the capability of the
foundation to support any expected static and dynamic leadings.

2.1 Subsurface exploration data: 270.18(c)(1), 264.251(a)
(1)(11). The ,engineering characteristics of the foundation
materials must be verified through subsurface explorations.
These efforts must be described and include:

* Test borings.
• Test pits or trenches.
* In situ tests.
* Geophysical exploration methods.

2.2 Laboratory testing data: 270.13(c)(1), 264.251
(a)(l)(ii). Results from sufficient index testing must be
provided to classify the site materials. Other lab test data
must be provided to evaluate the engineering properties of the
foundation materials, particularly for strength, hydraulic
conductivity, compressibility, and other important design
parameters.

SUBJECT REOUIREMENT: 40 CFR Section Nos.

2.3 Engineering analyses: 270.18(c)(1), 264.251(a)(i)(ii).
Engineering analyses must be provided which are based on the
data through subsurface exploration and laboratory testing
programs.

2.3.1 Settlement potential: 270.18(c)(1), 264.251
(a)(1)(ii). Provide estimates of the total and differential
settlement, including immediate settlement, primary consoli-
dation and secondary consolidation. Stresses imposed by liners,
wastes, and equipment must be considered.

2.3.2 Bearing capacity and stability: 270.18(c)(1),
* . 264.251(a)(i)(ii). Provide estimates of the bearing capacity

and stability of the foundation, demonstrating that allowable
bearing capacity will not be exceeded.

2.3.3 Potential for bottom heave or blowout: 270.18
(c)(1), 264.251(a)(i)(ii). Provide estimates of the potential
for bottom heave or blowout due to unequal hydrostatic or gas
pressures.

2.3.4 Construction and operational leading: 270.18(c)(1),
264.251(a)(i)(ii). Demonstrate that the foundation is capable
of providing adequate support for construction equipment and
operating equipment (e.g., dredges).

2.4 Founmjation installation procedures: 270.18(c)(1),
264.251(a)(i)(ii). For installed foundations, provide a
description of the foundation installation procedures.
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2.5 Foundation installation inspection program: 270.18(c)
(1), 264.251(a)(1)(ii). Describe the inspection, monitoring,
sampling, and testing methods (and frequencies) to be employed
during foundation installation to assure that the foundation as
installed meets the design requirements.

/
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3. LEACHATE COLLECTION AND REMOVAL SYSTEM: 270.18(c),
264.251(a)(2). Provide information describing the design and
operation of a system to collect and remove leachate from any
portions of existing waste piles and from new waste piles.

3.1 System design and operation: 270.18(c), 264.251(a)(2).
Describe the design features of the leachate collection and
removal system and how the system will function to remove
collected leachate in a timely manner. Describe the features
that will prevent leachate depth over the liner from exceeding
1 foot.

3.2 Chemical resistance: 270.18(c), 264.251(a)(2)(i)(A).
Demonstrate that the leachate collection and removal system
components are chemically resistant to the waste managed in the
pile and the leachate expected to be generated.

SUBJECT REOUIREMENT: 40 CFR Section Nos.

3.3.3 Strength of materials: 270.18(c), 264.251(a)
(2)(i)(8). Demonstrate that system components are of sufficient
strength and thickness to prevent collapse under expected
static and dynamic leadings.

3.4 Prevention of clogging: 270.18(c), 264.251(a)(2)(ii).
Demonstrate that the system design and operation will prevent
clogging throughout the active life of the pile.

3.5 Installation: 270.18(c), 264.251(a)(2). Describe the
methods to be employed to install the leachate collection and
removal system. Include a description of the inspection program
to be implemented to assure installation in accordance with
design requirements.

3.6 Maintenance: 270.13(c), 264.251(a)(2). Describe
anticipated maintenance activities that will be used to assure

jt proper leachate management system operation throughout the
pile's expected active life.
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4. RUNON CONTROL SYSTEM: 270.18(c)(2), 264.251(c).
Describe the system that will be used to prevent runon onto
active portions of piles.

4.1 Calculation of peak -flow: 270.18(c)(2), 264.251(c).
Identify the peak surface water flow expected to result from a
24-year design storm. Describe the data sources and methods
used to make the peak flow calculation.

4.2 Design and performince: 270.18(c)92), 264.251(c).
Describe the runon control system design. Demonstrate that
system design will prevent runon from reaching active portions
of the unit.

4.3 Construction: 270.18(c)(2), 264.251(c). Describe the
methods to be employed to construct the runon control system.
Include descriptions of any construction inspection program to
be utilized to assure construction in accordance with design
requirements.

4.4 M intenace: 270.18(c)(2), 264.251(c). Describe any
maintenance activities required to assure continued proper
runon system operation throughout the unit's active life.
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5. RUNOFF CONTROL SYSTEM: 270.18(c)(3), 264.251(d).
Describe the runoff control system to be used to collect and
control runoff from active portions.

SUBJECT REOUIREMENT: 40 CFR Section Nos.

5.1 Calculation of peak flow: 270.18(c)(3), 264.251(d).
Identify the total runoff volume expected to result from a
"24-hour, 25-year storm. Describe data sources and methods used
to make the peak flow calculation.

5.2 Design and performance: 270.18(c)(3), 264.251(d).
Describe the runoff collection and control system design.
Demonstrate that the system has sufficient capacity to collect
and hold the total runoff volume calculated in D-3g(l).

S
5.3 Construction: 270.18(c)(3), 264.251(d). Describe the

methods to be employed to construct the runoff collection and
control system. Include descriptions of any construction
inspection program to be employed to assure construction in
accordance with design requirements.

5.4 Maintenance: 270.18(c)(3), 264.251(d). Describe any
maintenance activities required to assure continued proper
runoff system operation throughout the unit's active life.

\
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6. MANAGEMENT OF COLLECTION AND HOLDING UNITS:
270.18(c)(4), 264.251(e). Describe how collection and holding
facilities associated with runon and runoff control systems
will be emptied or otherwise managed expeditiously after storms
to maintain system design capacity.
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7. CONTROL OF WIND DISPERSAL: 270.18(c)(5), 264.251(f).
If the pile contains any particulate matter which may be
subject to wind dispersal, describe how the pile is covered or
otherwise managed to control wind dispersal.
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8. GROUNDWATER MONITORING EXEMPTION: 270.18(b), 264.90
(b)(2). If an exemption from the Subpart F groundwater
monitoring requirement is sought, provide data demonstrating
that the following conditions are met.

8.1 Engineered structure: 264.90(b)(2)(i). Provide design
data showing that the unit for which the exemption is sought is
an engineered structure.

8.2 No liguid waste: 264.90(b)(2)(ii). Describe procedures
for ensuring that no liquid waste or waste-containing free
liquids will be received by or contained in the unit.

8.3 Exclusion of liguids: 264.90(b)(2)(iii). Provide
design and operating data demonstrating how liquids, precipi-
tation, and other runon and runoff will be excluded from the
unit.

SUBJECT REQUIREM.NT: 40 CFR Section Nos.

8.4 Containment system: 264.90(b)(2)(iv). Describe the
containment system (both inner and outer layers) which will
enclose the waste.

8.5 Leak detection system: 264.90(b)(2)(v). Describe the
design and operating data demonstrating the leak detection
system built into each containment layer.

8.6 Operation of leak detection system: 264.90(b)(2)(vi).
Demonstrate the means for ensuring continuing operation and
maintenance of the leak detection systems during the active
life of the unit and the closure and post-closure care periods.

8.7 No miaration: 264.90(b)(2)(vii). Demonstrate to a
reasonable degree of certainty that the unit will not allow
hazardous constituents to migrate beyond the outer layer of the
containment system prior to the end of the post-closure care
period.
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9. TREATMENT WITHIN THE PILE: 270.18(e). If any treatment
is accomplished in the pile, provide the following descriptions.

9.1 Treatment process descrtisDn: 270.18(e). Describe
the process by which wastes are treated and the effect of the
treatment on the wastes.

9.2 Ecuinment'used: 270.18(e). Describe any equipment or
other materials required to initiate or promote treatment.

9.3 Residuals description: 270.18(e). Describe the nature
and quantity of the wastes remaining in the pile after
treatment is complete.
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